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**  A  desire  of  knowledge  is  the  natural  feeling  of  mankind** 

— DR.   SAMUEL  JOHNSON 


INTRODUCTION 


/  take  pleasure  in  presenting  to  the  association  the  fourth 
issue  of  the  Question  Box.  Its  continued  growth  and  con- 
stantly enlarging  scope  from  year  to  year  may  properly  be 
considered  cts  indicative  of  its  usefulness  and  popularity. 

The  following  figures  illustrate  the  development  of  the 
Question  Box: 

y  No  No.  No.  No. 

Headings  Questions  Contributors  Answers 

1902  ..  7/  .  .  JOJ 

iqos  ..  ig3  12s  682 

igo4  2 J  424  J  88  2jy8 

1905  26  S4S  227  3057 

Herein  is  an  incomparable  medium  for  the  exchange  of 
ideas  nurtured  by  study  and  ripened  by  experience — a  forum 
where  every  man  may  be  heard,  no  matter  zvhat  his  views  or 
his  position  in  the  central-station  industry  may  be. 

Here  is  a  source  of  information  that  is  as  valuable  as  it 
is  unique  in  the  literature  of  the  art,  for  it  contains  not  the 
opinions  or  conclusions  of  one  man,  but  of  many  men  and 
from  as  many  points  of  viezv. 

Many  things  in  this  Question  Box  may  appear  trite  and 
time-worn  to  some,  but  the  differences  of  opinion  that  are 
expressed,  the  rapid  changes  in  the  technical  and  commercial 
phases  of  the  business,  and  the  requirements  of  the  newer  and 
younger  members  of  the  association,  are  sufEcient  reasons  for 
the  appearance  and  discussion  of  topics  previously  considered 
in  earlier  editions  of  the  Question  Box  or  in  papers. 

The  educational  value  of  this  volume  is  one  of  its  impor- 
tant functions,  and  should  be  constantly  borne  in  mind  when 
considering  its  growth  and  development.  The  information 
given  by  one  member  is  valuable  to  many,  and  in  adding  to 
the  fund  of  knowledge  he  is  enriching  others  at  no  cost  to  him- 
self, as  all  are  working  along  similar  lifies  but  in  different 
places. 

I  wish  to  commend  the  practice,  followed  by  some  of  the 
contributors  of  answers,  of  referring  to  some  paper  or  publica- 
tion which  contains  a  full  discussion  of  the  points  covered  by 
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the  question,  and  zuhieh  is  considered  good  authority  on  the 
subject.  It  is  manifestly  impossible  to  treat  all  the  questions 
fully  and  comprehensively  in  this  volume,  and  it  is  very 
desirable  to  supplement  individual  views  by  references  when 
they  can  be  found. 

The  Question  Box  has  become  zcell  knotvn  to  the  members 
of  this  association  during  the  preceding  years  of  its  existence, 
but  during  the  current  year  it  has  introduced  itself  and  the 
association  to  many  electric-lighting  companies  not  heretofore 
in  touch  with  its  work. 

Last  fall  a  communication  was  sent  out  by  the  editor  to 
all  the  electric-lighting  companies,  manufacturers,  supply  deal- 
ers, engineers,  and  technical  schools  of  the  United  States  and 
Canada,  asking  for  a  list  of  officers  and  leading  men  to  tvhom 
Question  Box  literature  and  other  matter  might  be  sent.  The 
responses  zvere  very  general,  and,  as  a  result,  a  mailing  list 
of  /ooo  names  was  made  up  and  used  in  sending  out  subse- 
quent letters  requesting  both  questions  and  anszvers.  Many 
inquiries,  regarding  the  Question  Box  and  membership  in  the 
association,  zvere  received  from  the  non-members  addressed,  and 
a  number  of  applications  for  membership  have  been  received. 
Thus  enlarging  the  Held  of  the  Question  Box  has  assisted 
in  increasing  the  sphere  of  iniiuence  of  the  association. 

In  conclusion  I  zvish  to  extend  my  thanks  to  the  many 
generous  contributors  to  the  iQOj  Question  Box  and  to  Miss 
Billings,  the  ever-willing  and  capable  assistant  secretary,  for 
valuable  assistance  in  this  zvork. 

.    HOMER  E.  XIESZ. 
May  22,  IP03.  Editor. 
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BUILDINGS 

A  1.  Does  it  pay  to  build  brick  or  stone  substations  for  mines 
and  smelters? 

Concrete  makes  by  far  the  most  desirable  foundations  for 
buildings  and  bridges.  The  cement  must  be  the  best  Portland, 
more  especially  in  low,  damp  ground.  The  building  proper 
built  of  concrete  will  be  much  more  enduring  and  solid  than 
one  of  brick  or  stone.  As  examples  of  this,  see  recent  con- 
structions of  dry  docks,  United  States  Navy  Yard,  Brooklyn, 
bridge  foundations,  walls,  et  ccBtera.  W.  W.  Titzell. 

It  pays  to  build  brick  or  stone  substations,  inasmuch  as  it 
eliminates  danger  from  fire.  C.  W.  Koiner. 

In  my  opinion,  it  pays  to  build  brick,  stone  or  concrete  sub- 
stations for  any  kind  of  power  when  it  is  justified  by  the  revenue 
in  sight.  It  not  only  makes  permanent  construction,  but  elimi- 
nates a  great  portion  of  the  danger  from  fire;  and  fire  is  an 
element  that  all  men  in  the  power  business  abhor. 

W.  E.  MooRE. 

Substations  should  be  built  fireproof  if  the  installation 
is  large  enough  to  warrant  the  first  cost,  especially  in  high- 
tension  work.  The  Colorado  Springs  Elec.  Co. 

It  pays  to  build  stone  or  brick  substations  for  mines  and 
smelters  if  the  contract  for  power  is  of  long  duration ;  but  if  the 
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contract  is  small  and  substations  are  not  permanent,  a  good 
frame  building  will  answer  the  purpose,  although  not  fireproof. 

H.  N.  Crandall. 

A  2.  What  is  the  best  floor  oonstrnction  for  different  types 
of  central  stations! 

Concrete  arches  supported  on  steel  floor  beams,  with  a 
floor  finish  of  encaustic  tile  or  cement.  W.  F.  Sims. 

Concrete  for  ground  floor;  arches  of  brick  between  steel 
I-beams  for  floors  above,  with  covering  of  light  concrete  and 
cemented  on  top.  W.  W.  Titzell. 

Steel  construction  reinforced  with  concrete,  and  top  floor 
of  tile.  This  is  fireproof  and  easily  kept  clean  as  the  oils,  et  ccBtera, 
will  not  penetrate  and  no  dust  arises  from  sweeping. 

United  Elec.  Lt.  Co. 

Concrete,  or  reinforced  concrete,  whenever  possible. 

W.  E.  MooRE. 

Concrete  is  the  best  floor  constructon  for  central  stations. 

H.  N.  Crandall. 

All  central  stations  should  be  equipped  with  fireproof  floors 
which  may  be  built  of  brick  arches,  terra  cotta  arches,  or  rein- 
forced concrete  arches.  A  good  surface  for  either  of  the  above 
is  a  granolithic  finish  which  should  be  colored  or  tinted  by  the 
use  of  lamp  black  in  the  mixings  so  that  the  floor  surface  will 
not  stain  badly  from  oil  or  dirt.  If  a  more  finished  floor  surface 
is  desired  a  terrazzo,  such  as  is  used  in  halls  and  corridors  of 
office  buildings,  makes  a  very  good  finish,  as  also  does  a  tiled 
floor  laid  with  dark-colored  tiles  in  small  sizes. 

I.   E.   MOULTROP. 

Fireproof  concrete  or  reinforced  concrete. 

Augusta  Ry.  and  Elec.  Co. 

Concrete  and  cement,  reinforced  with  half-inch  round  iron 
turned  at  an  angle  of  180  degrees  at  each  end. 

E.  F.  McCabe. 
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A  3.  What  kind  of  roof  constmction  on  brick  engine-room 
ii  best;  one  that  will  not  drop  condensation  on  dynamos;  one 
that  will  be  fireproof! 

Have  found  that  slate  roofing  meets  the  requirements  of 
this  inquiry.  W.  B.  Roland. 

A  form  of  construction  that  is  extensively  used,  and  ans- 
wers the  requirements,  is  composed  of  "book  tile"  and  tee  irons, 
supported  by  an  appropriate  steel  structure.  The  top  surface 
of  the  tile  is  plastered  with  cement  mortar,  so  as  to  provide 
a  smooth  surface  for  a  composition  roof.  W.  F.  Sims. 

Steel  construction  with  cinder  concrete  and  expanded  metal. 
After  the  roof  is  on,  the  steel  that  is  exposed  should  be  well 
covered  with  asbestos.  The  top  of  the  roof  should  be  painted 
with  waterproof  paint  and  the  inside  with  cold-water  paint. 

United  Elec.  Lt.  Co. 

On  our  auxiliary  plant  we  are  using  reworked  corrugated 
iron  for  roofing.  An  air  space  of  two  inches  under  corrugated 
iron,  then  a  layer  of  heavy  roofing  paper  supported  by  galvan- 
ized-wire  netting,  two-inch  mesh.  W.  E.  Moore. 

We  prefer  a  high-grade  composition  roof  for  station  where 
same  is  flat,  as  it  can  be  made  tight  and  we  have  no  trouble 
from  condensation.    We  use  the  Carey  roofing. 

F.  L.  Williamson  &  Co. 

A  good  construction  for  roof  of  the  brick  engine-room  is 
a  flat  roof  formed  of  book  tile  carried  in  light  steel  trusses,  the 
top  of  the  book  tile  being  covered  with  a  thin  layer  of  concrete, 
five  thicknesses  of  tarred  paper  mopped  on  with  hot  tar,  and 
finished  on  top  with  building  gravel  spread  over  hot  tar.  The 
underside  of  the  book  tile  should  be  plastered  to  give  a  smooth 
appearance,  and  a  coat  of  paint  on  the  plastering  may  be  used 
or  not  as  desired.  If  there  are  no  monitors  or  skylights  in  the 
roof  there  should  be  no  condensation  allowed  to  collect  on  the 
roof.     If  the  building  is  large  and  monitors  are  desired  for 
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light  or  ventilation,  some  condensation  will  collect  on  the  monitor 
and  usually  this  can  be  collected  by  gutters  which  will  discharge 
back  on  to  top  of  the  roof.  I.  E.  Moultrop. 

Asbestos  lumber  shield.  Augusta  Ry.  and  Elec.  Co. 

Slag  roof  on  five-ply  felt  given  all  the  pitch  it  will  hold  on 
3-inch  southern  yellow  pine,  supported  by  3-inch  by  12-inch 
southern  yellow  pine  purlins.  E.  F.  McCabe. 

A  4.  What  kind  of  roofing  if  best  for  a  station  roof  that  is 
flat,  but  with  snfleient  pitch  to  allow  water  to  run  to  conductor 
pipe? 

What  is  commonly  known  as  "tar  and  gravel"  roofing  has 
been  found  to  g^ve  excellent  results.  This  is  composed  of  a 
roofing  felt  laid  in  four  or  five  thicknesses,  the  roof  and  each 
layer  being  thoroughly  mopped  with  a  roofing  composition, 
applied  hot.  The  entire  surface  should  then  be  mopped  and 
covered  with  a  layer  of  clean,  screened  gravel.  The  felt  should 
be  well  flashed  against  walls  and  skylights,  and  then  cap-flashed 
with  galvanized  iron  or  copper.  W.  F.  Sims. 

See  answer  to  question  A  3. 

F.  L.  Williamson  &  Co. 

Considering  the  first  cost  and  the  cost  of  repairs,  a  tarred 
gravel  roof  is  the  best  that  can  be  used.  It  is  also  very  easy 
to  locate  a  leak  on  same  and  repair  it  when  the  roof  gets  old. 

I.  E.  Moultrop. 

Slag  roof  laid  as  above.  E.  F.  McCabe. 

We  think  the  best  covering  for  flat  station  roof  is  pitch  and 
gravel.  F.  G.  Proutt. 

A  5.  What  is  the  best  fireproof  and  non-corroding  covering 
for  boiler-rooms? 

See  my  answer  to  question  A  3.  W.  E.  Moore. 
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See  answer  to  question  A  3. 

F.  L.  Williamson  &  Co. 

Concrete  and  cement.  E.  F.  McCabe. 

A  6.  Why  does  a  tin  roof  pit  and  rust  throogli  near  a  water 
storage  (hot)  on  the  roof,  while  the  rest  remains  good? 

Because  of  sweating  under  the  tin  (between  roof -boards 
and  tin).  Raise  the  tank  so  that  air  may  circulate  between 
roof  and  bottom  of  tank.  Charles  N.  Shaw. 

The  tank  prevents  the  sun  from  warming  the  tin  and  drying 
it  off  on  the  under  side.  C.  E.  BowE. 

The  water  of  condensation  on  the  surface  of  the  tin  absorbs 
sulphur  from  the  surrounding  atmosphere  and  makes  diluted 
sulphuric  acid,  which  readily  finds  its  way  through  the  thin 
coating  of  tin  upon  the  steel  plates  of  which  sheet  tin  is  made. 
When  sheet  tin  used  to  be  made  by  tinning  heavy  sheets  of 
iron,  by  using  the  best  Bancatin,  few  complaints  of  this  kind 
were  ever  known.  This  is  an  age  of  steel,  and  it  is  well  known 
that  steel  is  more  readily  attacked  than  iron,  particularly  near 
salt  water.  W.  W.  Titzell. 

» 

Probably  sulphuric  acid  from  coal  dust. 

Augusta  Ry.  and  Elec.  Co. 

Pure  hot  water  combines  chemically  with  iron,  while  cold 
water,  which  contains  lime  or  some  other  salt,  forms  a  coating 
on  the  iron  and  thereafter  has  no  further  chemical  effect.  The 
district  heating  companies  find  that  this  chemical  action  is  of 
such  an  extent  that  it  is  impracticable  to  return  the  water  of 
condensation  to  the  power-house.  E.  F.  McCabe. 

A  7.  Is  the  expenditure  in  hand-power  cranes,  and  resulting 
expenditures  in  extra  strengrth  and  height  of  walls,  warranted 
in  bnildings  for  rotary-converter  or  motor-generator  substations? 

As  a  means  of  hastening  repairs  and  thus  insuring  only 
short  interruptions  to  the  service  in  case  of  breakdowns,  it  is 
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certainly  a  good  investment;  as  a  purely  financial  investment,  it 
may  or  may  not  be,  according  to  local  conditions. 

H.   BOTTOMLEY. 


The  expenditure  in  cranes  is  not  usually  justified  by  pre- 
liminary calculations  unless  the  units  are  of  the  looo-kw  size, 
or  larger.  Practice,  as  distinguished  from  preliminary  calcula- 
tions, shows  that  some  equivalent  for  a  crane  is  much  more 
frequently  needed  in  a  station  filled  with  small  units  than  in  a 
station  equipped  with  a  few  large  units.  There  is  a  compro- 
mise possible,  which  we  have  adopted  to  a  limited  extent,  to 
wit:  the  installation  of  track  and  supports  for  a  crane  in  each 
station,  the  span  being  always  the  same.  There  being  a  drive- 
way into  each  station  a  truck  can  be  backed  in,  the  crane  lowered 
from  the  track  to  the  truck,  hauled  to  another  station  and  put 
into  place  there  in  about  three  hours.  It  results  that  one  crane 
has  served  for  installation  in  two  of  our  substations  and  will 
probably  serve  in  another  within  the  year. 

The  Edison  Ill'g  Co.  of  Detroit. 

•  ^ 

Yes.  E.  F.  McCabe. 

The  increase  in  expenditure  involved  in  equipping  a  sub- 
station with  traveling  cranes  depends  so  greatly  upon  the  di- 
mensions of  the  building  and  character  of  construction  that 
would  otherwise  be  employed  as  to  make  a  general  reply  almost 
impossible.  For  ordinary  stations  employing  converters  or 
generators  of  less  than  400  to  500-kw  capacity,  traveling  cranes 
would  hardly  be  necessary.  If,  however,  new  apparatus  must 
be  carried  over  apparatus  in  operation,  a  traveling  crane  would 
probably  be  economical.  A.  S.  Kibbe. 

The  expenditure  required  for  hand-power  cranes  means  so 
little  additional  cost,  so  far  as  extra  strength  and  height  of  walls 
of  substation  building  is  required,  that  I  should  think  it  would 
hardly  be  considered  at  all.  A  considerable  portion  of  the  cost 
of  crane  is  saved  in  the  initial  installation  of  apparatus,  and 
while  accidents  are  rare  with  first-class  modern  apparatus,  the 
importance  of  saving  time  when  they  do  occur  is  far  beyond  a 
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matter  of  saving  a  few  dollars  in  the  initial  cost  of  station.  It 
appears  to  me  that  this  item  should  be  considered  as  an  invest- 
ment for  insurance  purposes.  H.  T.  Hartman. 

It  is  hardly  worth  while  to  increase  the  cost  of  the  rotary 
converter  or  motor-generator  substation  by  the  addition  of  a 
hand-power  crane,  for  these  machines  are  now  being  built  in 
such  a  way  that  ordinary  repairs  can  be  readily  made  without 
the  use  of  the  crane.  I.  E.  Moultrop. 

A  8.  Ig  there  any  latiBfaotory  battery-room  floor  material, 
other  than  vitrified  tile  or  brick,  in  use?  If  so,  what  if  the 
method  nied  in  laying? 

We  are  using  asphalt  as  the  floor  surface  in  a  small  battery 
room.  It  is  laid  on  a  concrete  foundation  in  exactly  the  same 
manner  as  when  laid  for  a  street  surface.  It  is  satisfactory,  to 
begin  with,  and  we  think  ought  to  be  permanently  satisfactory. 
It  was  used  in  this  instance  to  reduce  the  weight  of  the  floor, 
tile  battery  room  being  on  an  upper  floor. 

The  Edison  Ill'g  Co.  of  Detroit. 

Concrete  floors  with  finishing  coat  containing  only  the  nec- 
essary proportion  of  cement,  properly  graded  to  carry  all  the 
drippings  promptly  to  sewer,  are  quite  as  satisfactory  as  any 
style  of  brick  and  highly  preferable  to  some.  Ornamental  or 
accidental  indentations  in  the  surface  of  vitrified  tile  or  brick,  and 
the  joints  between  tiles  or  bricks,  will  retard  the  flow  of  drippings 
to  the  sewer  and  even  frequent  flushing  with  water  will  not 
remove  all  of  the  acid.  Sufficient  water  or  dilute  acid  will 
remain  to  keep  the  floor  almost  constantly  damp,  and  frequent 
alkaline  washings  are  required  to  prevent  leakage. 

A.   S.   KiBBE. 

Vitrified  brick  and  tile  are  the  most  satisfactory  material 
for  a  battery-room  floor  under  general  conditions.  In  the  case 
of  a  small  battery — such  as  an  exciter  battery,  for  example — and 
where  there  is  not  much  excuse  for  getting  acid  on  the  floor, 
a  concrete  floor  with  a  granolithic  finish  will  make  very  good 
finish.     Care  should  be  taken  to  get  a  very  good  surface  on 
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the  granolithic  finish  and  it  would  be  well  to  pitch  the  entire 
battery-room  floor  to  drains  so  that  it  can  be  readily  swept  out 
in  case  water  or  acid  is  spilled  on  the  floor. 

I.   E.   MOULTROP. 

B 

WATER-WHEELS,  WATER-POWER,  ETC 
B  1.    It  there  any  remedy  for  anchor  ice? 

• 

The  best  remedy  for  anchor  and  slush  ice  is  to  provide  a 
large,  quiet  pond  above  the  wheels,  which  will  be  permanently 
frozen  over  during  the  winter.  With  this  condition  no  trouble 
will  be  had  with  either  slush  or  anchor  ice  in  the  wheels. 

Jas.  B.  Foote. 

The  most  effective  remedy  is  warmer  weather.  For  open 
conduits  I  know  of  no  remedy.  W.  E.  Moore. 

• 

We  have  found  that  by  using  several  boom  logs  in  our  still 
bay  the  water  freezes  over  earlier  than  without,  as  the  wind  does 
not  have  the  chance  to  break  up  the  thin  ice;  we  are  never 
troubled  with  anchor  ice  after  our  still  bay  is  frozen  over.  In 
the  spring,  when  the  ice  has  broken  up,  we  have  been  very  suc- 
cessful in  keeping  free  from  slush  and  anchor  ice  by  putting 
brush  in  our  canal ;  this  catches  the  ice  and  allows  a  fair  flow  of 
water  to  come  through.  We  also  endeavor  to  keep  the  water  as 
high  as  possible  during  the  slush  period  and  throw  all  possible 
ice  over  our  waste  weir,  which  is  located  above  our  bulkheads. 

L.  E.  Watson. 

The  third  winter  of  operation  of  our  hydraulic  station  has 
been  free  from  interruption  by  slush  or  cake  ice,  while  during 
the  first  winter,  though  milder,  we  were  obliged  to  give  poor 
service  and  at  times  the  station  was  shut  down  for  several  hours. 

Our  water  supply  is  taken  from  the  river  and  carried  in 
an  open  ditch  for  three  miles  to  the  station.  The  current  being 
swift,  the  ditch  is  lined  with  lumber  to  prevent  washing  of  the 
banks.  During  the  coldest  weather  we  are  obliged  to  take  at 
least  two-thirds  of  the  water  in  the  river;  this  leaves  but  little 
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waste  water  at  the  river  dam.  We  have  arranged  an  overflow, 
running  parallel  with  the  current  running  into  the  head  of  the 
ditch.  Just  above  this  wasteway,  we  have  three  sheer  booms, 
set  at  an  angle  to  sheer  the  floating  ice  toward  the  wasteway. 
These  booms  are  set  about  two  hundred  feet  apart  and  one  above 
the  other,  so  that  slush  crowding  under  one  is  caught  and  sheered 
by  the  next  boom  below.  With  this  arrangement  the  ice  is 
thrown  close  enough  to  the  wasteway  to  be  caught  by  the  sur- 
face current  running  over  the  wasteway.  We  make  this  waste- 
way  as  long  as  possible,  allowing  the  water  to  flow  over  at  a 
depth  of  about  six  inches.  We  find  that  we  can  handle  more  ice 
with  this  arrangement,  and  witji  less  waste  water  than  when  the 
wasteway  is  narrow  and  deep.  The  water  going  into  the  ditch 
is  nearly  clear,  so  the  slush  forming  in  the  ditch  can  be  handled 
over  a  small  wasteway  at  the  station.  The  water  splashing  up  on 
the  sides  of  the  fltmied  portion  of  the  ditch  causes  a  rim  of  ice 
to  accumulate  on  the  sides,  reducing  the  capacity  of  the  ditch 
and  giving  the  anchor  ice  a  chance  to  form  in  the  still  water 
under  the  rim.  This  ice  is  broken  off  during  the  day  and  wasted 
at  the  station  overflow,  leaving  the  ditch  as  clean  as  possible  for 
the  night's  run. 

During  the  first  winter  of  operation  ice  would  coat  on  the 
gates  of  our  turbine  water-wheels,  choking  the  supply — so  that 
at  times  the  wheels  would  slow  down  to  half  speed  or  slower. 
We  have  been  entirely  free  from  this  trouble  the  last  two  winters, 
thanks  to  a  very  simple  remedy.  When  the  gates  show  that  they 
are  beginning  to  stick,  we  turn  on  a  jet  of  steam,  from  a  1.25- 
mch  pipe,  at  about  thirty  pounds  pressure.  The  pipes  discharge 
into  the  supply  water,  about  two  feet  above  the  wheel  casing, 
directly  over  the  gates.  During  the  coldest  weather  we  keep  a 
slow  fire,  and  only  use  the  steam  when  we  find  it  necessary. 
Once  or  twice  we  have  had  the  ice  start  to  stick  on  the  wheels 
very  unexp'ectedly,  but  have  always  obtained  immediate  relief 
upon  raising  the  steam  pressure  to  thirty  or  forty  pounds.  The 
steam  will  not  only  prevent  the  ice  from  sticking,  but  will  help 
the  water  to  cut  it  oflF  after  it  has  formed  a  thick  coating. 

Harry  D.  Pope. 

Have  seen  this  partly  overcome  by  placing  heavy  iron  bars 
before  the  intake  at  an  angle  so  that  the  ice  would  slide  down  the 
bars  to  the  spillway.  G.  F.  Willard. 
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Instead  of  seeking  a  remedy,  would  it  not  be  better  to  try 
to  stop  the  formation  of  it,  and  so  have  no  need  of  a  remedy? 
There  are  several  methods  of  doing  this,  none  of  which,  how- 
ever, give  absolute  immunity  from  its  formation. 

H.  BOTTOMLEY. 

Under  some  conditions  there  is  probably  none,  as  where  the 
water  is  drawn  from  a  swift  current  or  from  a  reservoir  where 
the  surface  is  much  disturbed  by  wind.  However,  in  some 
instances  it  is  quite  probable  that  conditions  may  be  changed 
and  the  trouble  overcome  to  some  extent.  We  are  led  to  think 
that  a  reservoir  in  close  proximity  to  the  power-house  is  an 
advantage,  also  a  shelter  from  the  wind.  The  current  in  our 
race  is  not  strong  and  we  are  bothered  with  anchor  ice  only 
in  windy  weather.  As  we  are  situated,  and  for  those  who  are 
near  a  reservoir,  it  occurs  to  us  it  would  be  worth  while  to  try 
this  experiment:  Draw  across  the  current  some  wire  netting 
three  or  four  feet  in  width,  stapled  on  one  edge  to  a  light 
wooden  boom  to  make  it  float;  in  the  case  of  a  long  race,  in 
several  places.  If  on  the  side  of  a  reservoir  one  or  two  such 
booms  will  gather  the  floating  anchor  ice  and  leave  a  chance 
for  the  water  to  pass  underneath.  Geo.  M.  Pierce. 

B  2.  Is  there  a  method  of  preventing  slush  ice  from  forming 
on  water-wheels? 

See  answer  to  question  B   I.  Jas.  B.  Foote. 

Turbine  water-wheels  should  be  well  housed,  to  exclude 
winds  and  the  circulation  of  outside  air,  and  the  flume  should 
be  protected  as  much  as  possible.  The  water  will  thus  be  kept 
at  a  temperature  that  will  in  a  great  degree  prevent  the  forma- 
tion of  ice  upon  the  wheel.  W.  W.  Titzell. 

Keep  the  wheels  in  motion.  E.  T.  Copeland. 

With  a  220-foot  head,  we  have  never  been  troubled  with 
slush  in  our  wheels.  W.  E.  Moore. 

See  answer  to  question  B  r.  Harry  D.  Pope. 
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B  3.  I  liave  a  76-foot  head  of  water  and  want  to  develop 
a  maximum  of  150  hone-power,  but  will  use  from  40  to  76 
horse-power  most  of  the  time.  What  would  be  the  best  sizes 
of  water-wheels? 

Two  water-wheels,  turbine,  of  75  horse-power  each. 

W.  W.  TiTZELL. 

Under  75  feet  net  effective  head  a  pair  of  horizontal  tur- 
bines, about  15  inches  in  diameter,  delivering  or  discharging 
1400  cubic  feet  of  water  per  minute,  and  running  775  r.p.m.,  will 
develop  150  horse-power.  For  alternate  use,  or  fractional  use, 
they  may  be  equipped  with  gate-operating  mechanism,  which  will 
make  practicable  any  desired  subdivision.  They  must  also  be 
equipped  with  water  cushion  in  order  to  be  just  right. 

E.  T.  COPELAND. 

We  would  suggest  two  75-hp  wheels.  With  this  outfit  one 
»whe}el  can  be  run  to  its  full  capacity  most  of  the  time  with 

« 

highest  efficiency.  United  Elec.  Lt.   Co. 

Two  7S-hp  wheels  in  separate  pits. 

Augusta  Ry.  and  Elec.  Co. 

B  4.  What  is  the  s:eneral  efficiency  of  a  water-power  plant 
at  low  heads? 

The  efficiency  of  a  water-power  plant  would  imply  deduction 
of  all  losses  from  theoretical  value  of  water — ^between  heat  and 
work.  If  efficiency  of  turbine .  under  low  head  is  meant,  any 
vertical-shaft  turbine,  worthy  of  consideration,  should  show  80 
per  cent  efficiency  under  any  head  not  less  than  four  feet. 

E.  T.  Copeland. 

With  good  makes  of  wheels,  from  75  to  80  per  cent. 

United  Elec.  Lt.  Co. 

It  depends  on  many  conditions.    Probably  50  to  60  per  cent. 

Augusta  Ry.  and  Elec.  Co. 
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B  5.  What  headi  are  most  initable  (a)  for  tnrbineif  (b) 
for  impulse  wheels? 

Eighteen  to  20-foot  heads  have  been  found  best  for  the  aver- 
age types  of  cast-iron  turbine  wheels.  W.  W.  Titzell. 

Turbines  are  competent  to  do  business  without  limit  as  to 
head,  provided  they  are  equipped  with  frictionless  water  cushion, 
which  is  an  automatic  hydraulic  substitute  for  metallic  or  wooden 
steps  and  thrust  bearings.  Impulse  wheels  are  competent  under 
all  heads,  but  especially  under  heads  above  200  feet. 

E.   T.    COPELAND. 

B  6.  What  instruments  and  what  method  are  best  for 
recording  the  head  of  water  where  instrument  for  recording 
height  above  the  dam  must  be  located  a  considerable  distance 
from  power  station,  and  where  head  is  often  cut  down  by  back- 
water in  tail  race? 

Have  a  gauge  consisting  of  a  wooden  rod  attached  to  float 
in  canal  extending  into  wheel-room,  with  a  pointer  sliding  over 
gauge  board,  the  board  being  graduated  in  feet  and  inches  from 
lowest  to  highest  head,  the  height  of  rise  and  fall  of  tail  water 
being  handled  in  the  same  way.  A.  E.  Walden. 

Use  a  recording  instrument  made  by  the  Lombard  Governor 
Company ;  one  to  measure  the  head  and  the  other  the  height  of 
water  in  tail  race.  United  Elec.  Lt.  Co. 

See  page  384,  volume  45,  Electrical  World  and  Engineer. 

J.   F.   DOSTAL. 

There  are  electrical  curve-drawing  instruments  for  such 
work :  one  placed  on  the  dam  and  another  on  the  tail-water 
should  show  at  all  times  the  difference  in  head. 

H.    BOTTOMLEY. 

A  good  method  would  be  to  have  float  operate  rheostat 
or  operate  piston,  transmitting  motion  by  hydraulic  pressure. 

Augusta  Ry.  and  Elec.  Co. 
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B  7.  What  per  cent  variation  of  speed  can  be  reasonably 
expected  in  practice  on  water-wheels  driving  a  railway  load, 
the  wheels  being  equipped  with  Lombard  governors  t 

With  Lombard  governor  in  good  condition,  and  pressure 
on  piston  high  enough  to  handle  gates,  three  per  cent  should  be 
the  limit  of  variation  in  speed.  Charles  N.  Shaw. 

About  two  to  three  per  cent,  unless  back-water  conditions 
are  bad.  This  is  also  governed  to  a  certain  extent  by  the  momen- 
tum of  the  moving  parts  and  the  relation  of  horse-power  of 
generator  to  horse-power  of  wheels.  A.  E.  Walden. 

The  question  of  perfection  of  water-wheel  governing  on  low 
heads  largely  depends  on  the  type  of  wheel-gate  selected  and  the 
construction  of  the  penstocks,  also  the  facility  with  which  the 
water  can  rapidly  get  to  the  wheels.  With  water-wheel  gates 
that  move  easily  and  are  nearly  balanced,  and  with  large  open 
penstocks  where  the  water  reaches  the  wheels  at  a  very  low 
velocity  and  without  eddies,  a  sp'eed  variation  of  two  and  a  half 
to  three  per  cent  is  easily  obtained  with  Lombard  governors, 
under  50  per  cent  changes  of  load,  such  as  occur  in  railroad 
work.  Jas.  B.  Foote. 

From  five  to  six  per  cent.  United  Elec.  Lt.  Co. 

We  get  within  two  per  cent.  P.  H.  Korst. 

Two  per  cent.  Augusta  Ry.  and  Elec.  Co. 

B  8.  How  close  can  a  water-wheel  governor  be  made  to 
regulate  under  low  heads  (from  7  to  30  feet)  operating  on 
wheel  having  balanced  register  gates  and  a  momentary  load 
change  of  50  per  cent  of  the  wheel  capacity? 

If  balance  wheels  are  properly  placed  to  suit  the  conditions, 
the  speed  should  not  vary  more  than  six  per  cent. 

(Unsigned.) 

See  answer  to  question  B  7.  Jas.  B.  Foote. 
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Two  per  cent.  Augusta  Ry.  and  Elec.  Co. 

B  9.  (a)  Why  is  wood  used  as  a  bearing  in  water- wheels  t 
(b)  What  is  the  best  lubricant  for  such  bearings? 

(b)  Graphite  plugs.  A.  E.  Walden. 

Wooden  steps  are  used  because  no  metal  would  run  any 
length  of  time  without  cutting  all  to  pieces  for  lack  of  lubri- 
cation. Hard  wood  soaked  in  oil  has  been  very  much  used.  We 
have  known  a  hemlock  knot  to  be  used  for  a  step,  and  it  lasted 
several  years.  Ofttimes  the  step  of  turbine  water-wheels  is  above 
the  tail  water  where  it  only  gets  the  water  that  comes  from  the 
spray.  No  metal  would  stand  imder  such  circumstances.  Some 
boil  the  wood  for  steps  in  beef  tallow,  so  that  the  pores  of  the 
wood  are  filled  with  it.  Graphite  mixed  with  this  tallow  also 
helps  greatly  as  a  lubricant.  W.  W.  Titzell. 

As  I  understand  it,  wood  is  used  where  bearing  is  sub- 
merged in  water  and  exposed  to  the  water,  so  that  no  lubricant 
can  be  applied.  Two  metal  surfaces  together  will  not  run 
satisfactorily  under  such  circumstances;  the  water  would  cool 
such  a  bearing  but  would  not  prevent  rapid  wear  if  the  bearing 
were  of  metal.  If  proper  wood  is  used  and  the  bearing  is  always 
under  water,  it  should  run  for  years  with  very  little  wear.  What 
wear  there  is  should  be  taken  up  from  time  to  time  to  keep 
the  bearing  in  proper  alignment.  Geo.  B.  Lauder. 

Wood  is  used  because  friction  is  much  less  than  with  metal 
bearings  and  is  also  cheaper  and  more  durable.  Water  is  the 
best  lubricant.  J.  D.  Saunders. 

Lignum-vitae  contains  enough  oil  to  lubricate  itself,  and  any 
other  lubricant  or  grooves  for  same  would  permit  grit  to  get 
into  gearing.  Augusta  Ry.  and  Elec.  Co. 

B  10.  Has  any  practical  method  been  in  nse  to  take  the 
place  of  bevel  gears  on  water-wheel  transmission  on  wheels  of 
100  horse-power  and  larger? 
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This  refers  apparently  to  vertical  wheels.  There  are  a  num- 
ber of  vertical  wheels  now  designed  to  receive  a  generator  on 
the  top  of  the  shaft,  doing  away  with  any  gearing  or  belting. 
There  are  limitations  to  this  type,  depending  upon  head,  power 
developed,  et  ccetera,  Geo.  B.  Lauder.  ' 

Rope  drive  under  proper  conditions. 

Augusta  Ry.  and  Elec.  Co. 

Rope  drive.  E.  W.  Furbush. 

For  transmitting  small  amounts  of  power  a  twisted  belt  is 
sometimes  used.  For  larger  installations  the  only  practical 
alternative  would  appear  to  be  the  use  of  a  horizontal  generator 
similar  to  those  in  the  Niagara  Falls  installation. 

H.  T.  Hartman. 

B  11.  What  percentage  of  the  power  is  lost  in  a  bevel 
mortise  wheel  set  on  a  vertical  water-wheel? 

It  is  generally  considered  that  8  to  12  per  cent  will  repre- 
sent the  loss  in  large  bevel-gear  wheels  and  pinions  used  in  con- 
nection with  vertical  waterwheels  when  the  gears  are  well  made 
and  the  shafts  are  well  mounted.  The  chances  are  that  the 
loss  becomes  materially  larger  with  use,  especially  if  the  collars 
on  the  horizontal  shaft  become  worn  so  that  the  wheels  do  not 
mesh  in  the  best  circles.  Dugald  C.  Jackson. 

B  12.  How  many  months  can  a  water-power  plant  afford 
to  use  a  steam  auxiliary? 

It  depends  on  size  of  installation  and  amount  of  saving  to 
be  obtained  during  hours  of  light  load.  A.  E.  Walden. 

The  time  that  a  steam  auxiliary  would  be  economical 
depends  upon  cost  of  current  and  average  receipts  for  the  same^ 
as  well  as  on  character  of  steam  plant  and  cost  of  operation. 

Augusta  Ry.  and  Elec.  Co. 

This  is  a  question  depending  so  much  on  load  conditions 
y  that  it  is  difficult  to  offer  an  intelligent  answer.     No  electric 
V  2—2 
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lighting  plant  can  afford  to  shut  down,  and  so  there  can  hardly 
be  a  question  of  whether  it  can  "afford  to  use  a  steam  auxiliary'* 
if  there  are  times  when  the  water-power  is  insufficient  to  supply 
the  demand.  If  it  is  a  question  whether  to  increase  the  present 
capacity  beyond  the  minimum  capacity  of  the  water-power  plant, 
it  resolves  itself  down  to  this:  Will  the  additional  business 
obtained  pay  for  the  interest  and  depreciation  on  the  cost  of 
the  steam  auxiliary,  plus  the  cost  of  fuel,  extra  labor  and  sup- 
plies required  during  the  period  when  the  steam  plant  must 
be  operated?  If  the  additional  receipts  per  kilowatt  of 
demand  load  obtained  exceed  this  figure  it  would  pay  to  install 
the  steam  auxiliary.  H.  T.  Hartman. 

A  question  like  this  can  not  be  given  a  general  answer, 
because  no  two  situations  are  alike,  but  there  is  a  general  feel- 
ing among  people  who  have  had  experience  with  water-driven 
stations  that  there  must  be  at  least  eight  months  of  water  to 
make  the  hydraulic  development  pay. 

DuGALD  C.  Jackson. 

B  IS.  In  a  projected  water-power  development  using  a  dam 
and  head  20  feet  high,  what  objections  would  there  be  to  making 
the  power-house  a  part  of  the  dam  when  the  natural  conditions 
are  favorable? 

None;  especially  when  concrete-steel  construction  can  be 
used.  A.  E.  Walden. 

There  is  no  objection  to  using  the  power-house  as  part  of 
the  dam.  In  fact,  this  is  very  gockl  consttuction  for  heads 
under  40  or  50  feet.  We  have  three  power-houses  now  in 
operation  that  are  so  constructed,  and  the  operation  is  perfectly 
satisfactory.  Jas.  B.  Foote. 

None  whatever;  but  rather  an  advantage,  for  the  reasons 
given  in  answer  to  question  B  2.  It  also  saves  expenses  of  long 
flumes  and  penstocks,  et  ccctcra.    Get  close  to  the  source  of  power. 

W.  W.  TiTZELL. 
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We  think  it  would  be  desirable  to  have  power-house  part 
of  the  dam  when  the  natural  conditions  are  favorable. 

P.  H.  KORST. 

There  are  none.  By  so  doing  you  take  advantage  of  the 
depth  of  the  river  for  a  tail-race  and  very  little  excavating  is 
necessary  for  a  wheel-pit.  A.  R.  MacKinnon. 

We  can  not  see  that  there  would  be  any  objection  to  making 
the  power-house  part  of  the  dam  in  the  water-power  development 
such  as  you  mention,  if  there  would  still  be  plenty  of  room 
for  the  flood  water  to  pass.  We  should  build  the  power-house 
high  enough  to  be  above  any  possible  flood,  and  mount  the 
generators  directly  on  the  horizontal  shafting. 

F.  L.  Williamson  &  Co. 

There  is  a  possibility  of  the  breast  wall  leaking,  also  where 
the  tail-water  may  rise  very  high  there  is  possibility  of  the  water 
getting  into  the  wheels ;  nor  does  this  method  permit  of  readily 
cutting  off  the  water  from  the  power-house,  in  case  of  repairs, 
without  a  coflfer  dam.  Augusta  Ry.  and  Elec.  Co. 

B  14.  What  percentage  of  friction  in  there  in  a  rope  drive 
from  vertical  water-wheel  to  horizontal  shaft? 

B  15.  In  a  water-power  plant  where  there  is  a  large  amount 
of  floor  space,  is  it  profltable  to  belt  or  gear  the  generator  to 
the  water-wheel  on  a  200-kilowatt  generator  ?    Oive  reasons. 

Should  prefer  rope  drive,  as  it  is  likely  to  be  more  reliable 
than  belt,  and  certainly  less  noisy  and  more  economical  in  opera- 
tion than  gearing.  Ralph  R.  Laxton. 

• 

Belting  would  be  better  in  many  cases. 

Augusta  Ry.  and  Elec.  Co. 

This  is  largely  a  matter  of  opinion.  Personally,  I  should 
prefer  to  belt  the  generator  rather  than  gear  it  to  a  water- 
wheel,  for  the  reason  that  gears  are  very  noisy,  the  efficiency  is 
lower  than  that  of  a  belt,  and  the  repairs  are  comparatively  high. 

H.  T.  Hartman. 
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This  question  is  one  that  should  be  settled  to  a  great  extent 
by  the  financial  condition  of  the  company.  It  will  generally 
be  found  cheaper  to  belt  a  unit  as  small  as  200-kw,  as  the  stock 
sizes  of  these  machines  generally  have  a  speed  of  from  600  to 
1000  r.p.m.  and  the  water-wheels  are  generally  much  slower  than 
this.  If  the  entire  plant  were  being  built,  it  might  be  found 
cheaper  to  direct-connect  the  generator  to  water-wheel  shaft 
rather  than  to  enlarge  the  power-house  for  belt  drive  and  thus 
increase  the  first  outlay.  A.  Balsley. 

The  connection  with  belt  is  to  be  preferred  as  a  matter  of 
original  and  maintenance  cost,  steadiness  of  drive,  and  quietness. 

DuGALD  C.  Jackson. 

B  16.  Is  it  good  engineering  to  erect  four  or  more  water- 
wheels  on  one  horizontal  shaft  in  order  to  get  speed  under  low 
heads  for  direct  connection  to  generator? 

Under  some  conditions  it  is  the  best  way  out  of  the  diffi- 
culty. See  Bell,  Electric  Transmission  of  Power,  pages  342 
to  345,  third  edition.  Ralph  R.  Laxton. 

We  have  two  generators,  each  direct-connected  to  three 
pairs  of  wheels  in  tandem,  and  consider  it  good  practice. 

A.  R.  MacKinnon. 

If  it  is  possible  to  govern  them,  and  the  head  is  sufficient  to 
cover  the  wheels  without  loss  of  head,  this  plan  should  he  satis- 
factory. Augusta  Ry.  and  Elec.  Co. 

B  17.  What  is  the  safest  means  of  preventing  bursting  of 
penstock  when  water-wheel  gates  are  suddenly  closed? 

Open  vertical  standpipe  connected  to  penstock  and  located 
close  to  wheel.  If  head  is  so  high  as  to  render  this  impracticable, 
the  advisability  of  using  Pelton  wheels  governing  by  deflecting 
nozzles  instead  of  closing  gates,  might  be  considered. 

Ralph  R.  Laxton. 

On  moderate  heads  where  it  is  practicable,  I  think  a  stand- 
pil)e  near  the  wheels  will  obviate  this  difficulty. 

H.  J.  GiLLE. 
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By  emplo3ring  suitable  relief  valves  or  air  chambers.  Many 
turbine  water-wheels  are  equipped  with  air  chambers  and  valves 
for  this  purpose.  L.  O.  Ybssr. 

Connect  standpipe  to  penstock.  Fred  B.  Sharpe. 

A  manhole  cover  held  in  place  by  bent  lever  and  weight 
makes  a  good  relief  valve  for  this  purpose. 

Augusta  Ry.  and  Elec  Co. 

If  the  head  on  the  wheels  is  low  (not  over  50  feet  for 
instance),  the  cheapest  and  most  effective  way  is  to  place  a  stand- 
pipe  in  the  penstock  near  the  power-house.  This  standpipe 
should  have  approximately  the  same  diameter  as  the  penstock, 
and  should  be  ten  or  fifteen  feet  higher  than  the  static  head  on 
the  >Yheels. 

For  larger  heads,  an  automatic  balanced  relief  valve  should 
be  placed  in  the  penstock,  and  the  wheel  gates  should  be  arranged 
so  that  sudden  closing  is  impossible. 

With  impulse  wheels  and  a  high  head,  the  governing  should 
be  done  by  deflecting  the  nozzles  and  the  valves  should  be  slow 
closing.  A.  Balsley. 

o 

FEED  WATER,  HEATERS  AND  PUMPS 

C  1.  Please  give  a  formula  for  boiler  oomponnd  for  water 
in  which  there  is  a  heavy  lime  deposit. 

We  have  never  yet  found  an  instance  where  lime  was  the 
principal  substance  that  caused  incrustation  in  steam  boilers  that 
washing  soda  (soda  ash)  used  in  conjunction  with  kerosene  oil 
(refined  petroleum)  failed  to  remove  it  and  prevent  successfully 
the  formation  of  more  scale  or  incrustation.  We  have  had  under 
successful  treatment  scale  composed  of  the  following  substances : 

Analysis  op  Scalk 

PBH   CENT 

Organic  and  volatile 7.3 

Calcium  carbonate 39.9 

Lime 10.  i 

Calcium  sulphate 5.3 

Magnesia 1 8.  i 

Silica 10.9 

Iron  oxide  and  alumina 8.4 
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.  *  The  propess  was  simply  to  place  within  the  boiler  of  100 
horseTpoiuKer  one  bucketful  of  washing  soda,  put  in  two  gallons 
of  kerosene  oil  (after  closing  the  blow-off  cock),  and  fill  the 
boiler  with  water.  Feed  in  at  least  one  quart  of  kerosene  oil 
every  day  through  a  sight-feed  oil  cup  attached  to  the  feed  pip'e 
near  the  boiler — i,  e.,  between  the  heater  and  the  boiler — so  that 
the  oil  is  not  entrapped  within  the  heater.  If  it  is  inconvenient 
to  open  the  boiler,  then  dissolve  the  washing  soda  in  hot  water 
and  feed  it  in  with  the  pump  or  through  a  tallow  cock  (attached 
between  the  ejector  and  the  valve  in  the  suction  pipe)  when  the 
ejector  is  working.  W.  W.  Titzell. 

Forty  pounds  caustic  soda,  40  pounds  soda  ash,  35  pounds 
liquid  hemlock,  15  pounds  gambier.  Dissolve  in  hot  water.  This 
will  make  one  barrel  of  good  dissolvent.  Where  water  contains 
much  lime,  add  20  pounds  tri-soda  and  phosphate. 

Wm.  Wiatte. 

C  2.  Which  is  preferable— to  treat  the  water  before  it  enten 
boilers  or  to  use  a  high-flre  kerosene  and  mechanical  cleaner? 

« 

Treat  water  before  feeding  into  boiler,  foreign  matter  once 
eliminated  can  not  cause  any  subsequent  trouble.  Kerosene  in 
boilers  is  to  be  avoided  because  it  does  no  good,  causes  joints  in 
sectional  boilers  to  leak,  and  is  not  a  remedy  for  scale  under  any 
conditions.  W.  B.  Roland. 

Treat  the  water  before  it  enters  the  boiler,  either  with  a 
live  steam  feed-water  purifier  or  with  chemicals. 

Chas.  N.  Shaw. 

If  the  plant  is  large  enough  to  warrant  the  expense  of  a 
•  chemical  purifier,  this  would  be  the  proper  course  to  pursue. 

Geo.  W.  Richardson. 

We  do  not  believe  in  mechanical  tube-cleaners  and  have 
never  had  occasion  to  use  one;  they  always  injure  the  tubes. 
We  do  not  believe  that  scale  ought  to  be  permitted  to  form  within 
a  steam  boiler.    It  can  in  almost  all  cases  be  prevented 

W.  W.  Titzell. 
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It  is  better  to  purify  all  water  before  it  enters  the  boilers. 

C.  W.   KOINER. 

If  the  water  is  extremely  bad  it  is  much  better  to  treat  the 
water  before  it  enters  boilers  if  possible,  as  it  is  always  desirable 
to  keep  the  accumulation  of  scale-forming  material  out  of  the 
boiler.       The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Treat  water  before  it  enters  boiler. 

G.  Wilbur  Hubley. 

Before  entering  boilers;  through  a  compound  feeder,  con- 
nected to  the  feeder  pipe  and  through  the  lower  end  of  the  com- 
pound feeder  from  pump.  This  will  also  prevent  feed  pipe 
from  coating  up.  Wm.  Wiatte. 

,  Treat  the  water  before  it  enters  the  boilers.  You  thereby 
do  away  with  the  greater  part  of  your  boiler-cleaning,  and  as 
your  boilers  are  not  as  dirty  you  also  maintain  them  at  their 
highest  efficiency.  G.  H.  Cushman. 

Treat  it  before  entering  boilers.  G.  F.  Willard. 

Before.  The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

Treat  water  before  it  enters  boilers.  H.  C.  Hall. 

Treat  the  water  before  it  enters  the  boilers. 

W.  P.  Hancock. 

C  3.  Does  not  kerosene  oil,  beings  itself  a  condensation  from 
a  still,  vaporize  before  any  benefit  is  derived  when  fed  into 
working  boilers  to  prevent  scale? 

Yes.  A  better  method  is  to  put  about  one  gallon  in  boiler 
while  empty,  then  as  the  boiler  is  filled  the  oil  remains  on  top 
of  water  and  adheres  to  shell  and  tubes  as  it  rises  in  height. 

Geo.  W.  Richardson. 

No ;  it  circulates  with  the  water  and  does  not  remain  on  top 
of  the  water  after  ebullition  begins.    This  we  have  demonstrated 
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within  glass  models  of  boilers  of  various  types  and  have  attached 
stop-cocks  to  different  parts  of  loo-hp  boilers  and  when  it  was 
working  have  drawn  from  these  cocks  water  that  was  strongly 
saturated  or  impregnated  with  kerosene  oil. 

W.    W.   TiTZELL. 

Witli  our  water  at  Colorado  Springs  we  can  find  no  benefit  in 
the  use  of  kerosene  oil,  but  have  found  it  a  detriment  for  the 
following  reasons:  It  will  cause  the  steam-pipe  system  to  leak 
at  threads,  and  if  gum  packing  is  used  to  any  extent,  will  cause 
it  to  be  short-lived.  The  Colorado  Springs  Elec.  Co. 

Kerosene  would  vaporize  at  the  temperature  to  which  it  is 
subjected  in  a  boiler,  if  it  were  not  under  high  pressure. 

David  W.  Beaman, 

Judging  from  the  benefits  that  have  been  obtained  from  its 
use,  should  say  that  it  did  not.  H.  Bottomley. 

Kerosene  is  not  very  efficient  in  preventing  boiler  scale,  and 
is  not  at  all  effective  unless  feeding  takes  place  slowly. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Kerosene  oil  does  not  prevent  scale,  but  is  known  to  remove 
it  to  some  extent  when  introduced  with  feed-  water. 

J.  S.  Robinson. 

Not  necessarily ;  we  have  used  it  several  years  with  fair  suc- 
cess until  we  found  a  better.  W.  P.  Hancock. 

C  4.  Why  do  boiler-feed  pipes  coat  on  the  inside  with  maf- 
nesia  at  the  end  inside  the  boiler  more  than  they  do  anywhere 
in  the  mn  of  the  pipe? 

Because  the  pipes  get  hotter  at  that  point.         C.  E.  Bowe. 

Because  the  temperature  is  greater  at  inside  end  of  the 
boiler-feed  pipe  and  there  the  scale  is  deposited.  The  tempera- 
ture outside  is  not  sufficiently  high  to  precipitate  the  Scale-pro- 
ducing constituents.  W.  W.  Titzell. 
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Boiler-feed  pipes  coat  with  magnesia  on  the  inside  at  each 
end  of  the  boiler  more  readily  than  anywhere  through  the  run 
of  the  pipe,  on  account  of  the  water  being  hotter  at  that  point. 
The  Edison  Elec  Ill'g  Co.  of  West  Chester,  Pa. 

This  is  caused  by  higher  temperature  and  possibly  slower 
circulation  at  this  portion  of  the  feed-water  pipes. 

G.  Wilbur  Hubley. 

I  think  the  pipes  get  coated  more  on  the  inside  of  the  boilers 
than  on  the  outside  because  they  are  subjected  to  a  much  higher 
degree  of  temperature.  O.  H.  Young. 

As  a  general  rule  boiler-feed  pipes  extend  for  quite  a  length 
into  boiler  shell.  This  being  hotter  than  any  other  section  of 
feed  pipe  causes  a  precipitation  of  the  water  and  throwing  down 
of  any  scale  material.  The  Colorado  Springs  Elec.  Co. 

This  is  due  to  the  fact  that  the  temperature  of  the  end  imme- 
diately inside  the  boiler  is  high  enough  to  precipitate  the  magne- 
sia and  other  impurities.  Sam'l  Kahn. 

Because  it  is  at  that  point  that  the  feed  water  first 
reaches  a  temperature  high  enough  to  throw  down  its  solids, 
even  though  your  heater  is  working  at  210  degrees. 

G.    H.    CUSHMAN. 

The  greater  heat  at  this  point  produces  greater  precipitation 

J.  S.  Robinson. 

Chlorides  of  magnesium  are  precipitated  at  temperature  of 
from  212  to  260  degrees  Fahrenheit,  so  would  be  precipitated  in 
the  internal  part  of  feed  pipe  where  the  temperature  is  higher 
than  at  any  other  part  of  feed  system.  W.  P.  Hancock. 

C  8.  How  would  you  keep  feed-water  pipes  dear  of  scale 
where  the  water  is  exceptionally  full  of  magnesia  carbonate  f 

Feed-water  pipes  can  not  be  kept  clean  from  scale,  but 
have  to  be  renewed  from  time  to  time.  C.  W.  Koiner. 
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Treat  the  water  before  using.  G.  H.  Cushman. 

Treat  water  before  it  enters  feed-pipe  or  pump. 

H.  C.  Hall 

C  6.  Is  it  good  engineeriiLg  to  place  heater  between  engine 
and  condenser? 

Yes.  The  temperature  of  condensing  water  discharged 
from  condenser  is  rarely  above  90  to  loo  degrees  Fahrenheit  and 
the  use  of  a  properly  proportioned  heater  between  engine  and 
condenser  will  raise  the  temperature  from  120  to  140  degrees 
and  reduce  the  amount  of  injection  water  required  eight  to 
10  per  cent  as  well  as  the  steam  required  to  operate  condenser. 

A.  E.  Walden. 

We  have  not  found  it  good  practice,  because  of  the  low 
temperature  of  steam  under  26  to  27  inches  of  vacuum;  the 
rise  in  temperature  of  the  feed  water  being  so  slight  that  it 
was  not  a  paying  proposition.  J.  S.  Avery. 

Yes.  If  you  must  have  a  heater  it  would  be  useless  to  place 
it  anywhere  else.  Geo.  W.  Richardson. 

Yes,  to  get  the  benefit  of  the  hot  steam  as  it  leaves  the 
cylinder.  W.  W.  Titzell. 

Yes,  depending  on  conditions.  G.  Wilbur  Hubley. 

No,  it  is  not;  for  the  reason  that  the  tubes  in  the  heater 
will  get  to  leaking  and  water  will  be  liable  to  get  into  the 
cylinder  of  engine  when  condenser  stops  and  engine  is  being 
shut  down,  and  often,  possibly,  during  operation. 

Wm.  Wiatte. 

It  is  surely  much  better  to  have  a  heater  between  the  engines 
and  the  condenser,  as  it  aids  in  heating  the  feed  water  as  well 
as  in  condensing  the  exhaust  steam.  A  second  heater  should  be 
installed  where  steam-driven  auxiliaries  are  used  and  thereby 
cover  the  energy  otherwise  wasted — the  exhaust  of  the 
auxiliaries. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 
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With  a  heater  between  the  engine  and  the  condenser  you 
take  out  some  of  the  heat  in  the  exhaust  steam,  and  put  it 
into  the  feed  water,  and  at  the  same  time  reduce  the  work-in 
the  condenser,  and  thus  increase  its  capacity. 

G.  B.  Leland. 


I  see  no  reason  why  a  dosed  heater  should  not  be  placed 
between  engine  and  ccMidenser,  provided  a  proper  by-pass  and 
relief  are  installed.  The  Colorado  Springs  Elec.  Co. 

Ordinarily,  it  is  not  good  engineering  to  place  a  heater 
between  the  engine  and  condenser.  The  temperature  of  steam 
at  two  pounds  absolute  is  126.3  degrees  Fahrenheit  and  that 
of  the  hot  well  is  probably  120  degrees,  so  there  is  very  little 
to  be  gained.  The  heater  is  an  economy  where  there  is  an  abund- 
ance of  exhaust  steam  from  the  boiler-feed  pumps  and  other 
auxiliaries,  otherwise  going  to  waste.  Sam*l  Kahn. 

That  depends  on  the  cost  of  fuel,  also  upon  how  much  you 
can  heat  your  feed  water  from  exhaust  steam  from  auxiliary 

pumps.  G.    H.    CUSHMAN. 

Yes,  if  the  quantity  of  steam  from  auxiliary  apparatus  is 
not  enough  to  raise  the  feed  water  to  a  good  temperature. 

David  W.  Beaman. 

This  depends  on  price  of  coal  and  amount  of  other  exhaust 
for  feed-water  heating,  and  must  be  worked  out  for  each  plant 

W.  P.  Hancock. 

A  satisfactory  increase  in  the  econcwny  of  the  station  can  be 
obtained  by  installing  a  feed-water  heater  between  the  engine 
and  ccMidenser.  Care  should  be  taken  to  have  ample  area 
through  the  steam  space  of  the  heater.  I.  E.  Moultrop. 

No;  the  vacuum  produced  by  the  condenser  has  a  cooling 
effect  on  the  heater.  It  would  be  better  to  let  the  exhaust  steam 
from  the  condenser  and  pumps  exhaust  into  the  heater  at  at- 
mosphere pressure.  F.  W.  Bullock. 
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This  is  a  question  on  which  "the  doctors  diagree"  and  it 
seems  as  if  each  particular  case  should  be  settled  on  its  condi- 
tions. H.  BOTTOMLEY. 

It  is  not  usual  nowadays  to  place  a  heater  between  engine 
and  condenser,  as  the  gain  is  very  slight  and  the  maximum 
temperature  can  usually  be  obtained  in  a  secondary  heater. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

It  depends  upon  whether  or  not  the  plant  is  to  be  equipped 
with  an  economizer;  if  so  the  gain  in  heat  from  heater  placed 
between  engine  and  condenser  would  not  be  sufficient  to  justify 
the  cost.  If  not  thus  equipped  there  would  be  sufficient  gain  to 
make  it  good  engineering  practice  to  place  a  heater  between 
engine  and  condenser.  W.  H.  Mills. 

C  7.  Is  it  good  practioe  to  tnni  exhaust  from  station 
auxiliaries  into  an  open-type  feed-water  heater? 

A  closed  heater  of  the  even-flow  type  used  with  the  same 
type  of  heater  handling  the  exhaust  from  the  auxiliaries  will 
raise  the  feed  temperature  to  185  to  208  degrees  Fahrenheit  in  a 
properly  proportioned  condensing  plant.  Where  water  conditions 
are  exceptionally  bad  an  open  heater  with  provision  for  clean- 
ing should  be  used.  A.  E.  Walden. 

Yes,  if  it  does  not  affect  the  good  working  of  the  auxiliaries. 
In  marine  practice  it  is  customary  to  turn  the  auxiliaries  into 
the  low-pressure  receiver.  Geo.  W.  Richardson. 

The  exhaust  steam  from  station  auxiliaries  is  seldom  suffi- 
cient to  heat  the  feed  water  to  212  degrees  and  it  matters  little 
whether  the  heater  is  open  or  enclosed  type. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Yes,  up  to  the  point  of  providing  necessary  amount  of 
exhaust  steam  for  increasing  temperature  of  feed  water. 

G.  Wilbur  Hubley. 

Yes.  Wm.  Wiatte. 
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Yes;  if  you  can  raise  the  temperature  from  126  to  210, 
you  will  decrease  your  fuel  account  about  eight  per  cent. 

G.  H.  CUSHMAN. 

No.  An  open-type  heater  accumulates  the  oil,  thus  making 
poor  water  to  feed  the  boilers.  David  W.  Beaman. 

No;  there  is  too  much  cylinder  oil  in  the  exhaust. 

G.   F.  WiLLARD. 

There  is  no  objection  to  the  open-type  feed- water  heater 
operating  on  the  exhaust  of  station  auxiliaries,  provided  the 
installation  is  such  that  it  is  not  necessary  to  keep  the  air  out 
of  the  water.  I.  E.  Moultrop. 


Not  unless  an  oil  separator  is  used. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

No  W.  H.  Mills. 

Yes,  provided  feed  pump  is  below  heater  and  in  good  con- 
dition. H.  C.  Hall. 

C  8.  Which  is  the  more  desirable  type  of  feed-water  heater 
for  large  plants,  open  or  closed  ?    Why  ? 

It  depends  on  the  quality  of  feed  water,  but  in  any  case 
should  be  operated  with  an  outside  packed  plunger  pump. 

A.  E.  Walden. 

Open-type  feed-water  heater  is  more  desirable  in  large 
plants,  for  the  following  reasons: 

First — Safety — operated  under  atmospheric  pressure. 

Second — Higher  temperature  of  feed  water  when  exhaust 
steam  is  used. 

Third — ^Reliability  and  uniformity  of  operation. 

Fourth — Less  care  and  consequently  less  cost  of  mainte- 
nance. G.  Wilbur  Hubley. 
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Open  heater  will  develope  benefit  of  condensed  steam. 

Wm.  Wiatte. 


Both  types  of  feed-water  heaters  are  good,  and  the  selection 
of  the  type  should  be  made  in  view  of  the  requirements  of  the 
station  in  question.  In  a  turbine  installation  where  the  condens- 
ing plant  makes  use  of  a  dry-vacuum  pimip,  there  seems  to  be 
some  advantage  in  the  closed  system,  which  keeps  the  water 
free  from  air  after  having  passed  once  through  the  condenser. 
This  installation  would  call  for  the  use  of  a  closed  heater. 

I.  E.  MOULTROP. 

Open.  It  returns  condensation  to  boiler,  thus  saving  water 
and  lessening  scale  deposit.  It  is  easier  kept  dean,  thus  insur- 
ing better  efficiency.  J.  T.  Cowung. 

Closed,  if  water  is  cheap,  to  avoid  the  possibility  of  oil  being 
carried  into  the  boilers. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Qosed,  all  things  considered.  The  advantages  of  a  closed 
heater  are:  First,  where  city  water  is  used,  we  get  the  benefit 
of  its  pressure,  giving  the  ptmip  less  pressure  to  pump  against; 
second,  we  get  no  effect  of  cylinder  oil  that  the  ejchaust  steam 
contains;  third,  the  pump  will  have  to  handle  cool  water  only, 
therefore  will  be  more  easily  cared  for.  An  open  heater  has  the 
advantage  of  being  more  easily  cleaned;  also  of  giving  hotter 
water,  because  the  water  mixes  with  the  exhaust  steam;  but  to 
oflfset  this  the  pump  will  need  more  attention;  also,  oil  is  liable 
to  get  into  the  boilers,  and  last,  the  pump  must  be  flooded. 

XI.    C    JTALL. 

C  9.  In  a  water  heater  should  the  steam  first  meet  oold 
water?    Give  reasons. 

The  greater  the  difference  of  temperature,  the  more  rapidly 
the  heat  will  be  transferred  to  feed  water,  and  the  rapidity  will 
increase  with  the  volume  of  the  feed  water. 

A.  E.  Walden. 
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In  an  open  water  heater  the  steam  should  first  meet  cold 
water,  so  as  to  increase  the  economy  of  the  auxiliary  steam 
apparatus.  E.  E.  Lee. 


No;  the  feed  water  should  leave  the  heater  at  the  point 
where  the  exhaust  steam  enters,  in  order  that  the  temperature 
may  be  raised  to  the  highest  degree  before  leaving  the  heater. 
Refer  to  Lowe  heater  where  the  pipe  enters  the  top  of  heater  and 
exhausts  at  the  bottom.  In  this  case  the  temperatures  pass 
one  another  and  the  heater  is  packed  full  of  exhaust  steam, 
thus  attaining  as  high  as  216  degrees  Fahrenheit  in  the  feed 
water  that  leaves  the  heater  at  the  top.  W.  W.  Titzell. 

Could  never  see  whether  the  steam  or  water  should  flow 
in  opposite  directions  through  the  heater. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 


If  the  steam  first  meets  cold  water  there  is  simply  that 
much  more  difference  in  temperature  and  possibility  of  expan- 
sion and  contraction.  Augusta  Ry.  and  Elec.  Co. 


The  flow  of  steam  should  meet  the  flow  of  water,  the  hot- 
test steam  meeting  the  hottest  water  and  the  coldest  steam  the 
coldest  water.  This  gives  a  better  transfer  of  heat  than  when 
arranged  so  that  coldest  steam  meets  hottest  water. 

J.  S.  Robinson. 

C  10.  What  is  the  life  of  a  hot-water  meter  when  nm 
continuously  at  full  capacity? 

The  life  of  the  hot-water  meter  we  used  continuously  at  full 
capacity  was  but  eight  months.  O.  H.  Young. 

A  hot- water  meter  run  continuously  at  full  capacity  will, 
by  reason  of  wear,  have  an  error  of  about  five  per  cent  within 
ten  days.  The  Edison  Ill'g  Co.  of  Detroit. 
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C  11.  What  is  the  benefit  of  an  air  chamber  on  a  boiler- 
feed  pump! 

None;  although  it  is  advisable  to  have  same  on  pump 
(except  a  duplex),  in  case  it  has  to  be  used  for  other  duty. 

Geo.  W.  Richardson. 

To  introduce  an  elastic  meditmi  into  the  water  and  prevent 
water-hammer  and  the  valves  from  slamming.  Air  chambers 
also  prevent  shocks  on  the  pumps  and  pipes.  Where  the  lift 
is,  say,  15  to  i8  feet  there  should  be  an  air  chamber  on  the 
suction  pipe.  W.  W.  Titzell. 

The  air  chamber  of  boiler-feed  pump  relieves  the  feed  lines 
to  a  certain  extent  of  water-hammer  due  to  the  sudden  changes 
in  flow  of  water  in  the  pipes.  In  duplex  double-acting  puiilp 
working  at  slow  speed  it  is  of  no  practical  use. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

An  air  chamber  on  boiler-feed  pump  serves  the  purpose  of 
giving  a  steady  flow  of  water  by  the  air  in  the  top  of  said 
chamber  serving  as  a  cushion.  C.  W.  Koiner. 

Air  chamber  on  boiler-feed  pump  prevents  sudden  pulsa- 
tions and  consequent  water-hammer  in  piping  system  and  also 
governs  the  uniformity  of  flow  of  water  from  pump. 

G.  Wilbur  Hubley. 

I  don't  think  an  air  chamber  on  a  boiler-feed  pump  is  of 
any  benefit  whatever.  O.  H.  Young. 

The  air  acts  as  a  cushion  for  the  surging  water  due  to  the 
action  of  the  pump,  and  prevents  water-hammer  in  the  feed  pipes. 

G.   H.   CUSHMAN. 

To  cushion  the  irregular  pressure  and  keep  the  flow  of  water 
constant.  J.  D.  Saunders. 

By  using  an  air  chamber  the  steam  can  be  used  expansively, 
and  if  the  outlet  pipe  be  suddenly  closed  the  air  allows  of  com- 
pression, which  takes*  away  any  jar  on  the  pump  that  would 
otherwise  take  place.  G.  F.  Willard. 
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It  saves  shocks  to  the  feed  piping  when  pump  reverses. 

W.  P.  Hancock. 

The  air  chamber  on  a  boiler-feed  pimip  is  useful  to 
straighten  out  the  pulsations  in  the  feed  line  due  to  the  piston 
of  the  pump  reversing  its  direction  quickly.  It  maintains  a  fairly 
even  pressure  in  the  piping,  saving  the  piping  from  rather 
severe  strains  which  it  would  receive  if  the  pump  were  allowed 
to  get  out  of  good  operating  condition. 

I.   E.   MOULTROP. 

An  air  chamber  on  a  boiler-feed  pump  is  necessary  as  a 
cushion  for  the  piping  and  boiler  shell. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

An  air  chamber  would  relieve  the  pump  and  valves  when 
check-valve  leaks.  Augusta  Ry.  and  Elec.  Co. 

It  stops  the  pounding  of  the  check  valves  and  makes  the 
flow  of  feed  water  more  continuous.  W.  H.  Mills. 

The  cushioning  of  the  air  in  the  top  of  the  air  chamber 
deadens  the  shock  at  each  end  of  the  stroke.  Also  causes  pump 
to  give  a  continuous  discharge.  H.  C.  Hall. 

C  12.  What  has  been  the  experience  with'  rubber  valve  seats 
in  marine-type  boiler-feed  pumps  as  to  reliability  and  average 
life,  and  under  what  conditions  1 

Life  is  shorter,  but  not  so  reliable  when  using  hot  water. 

Geo.  W.  Richardson. 

C  13.  (a)  What  advantage  has  accrued  from  using  metallic 
packing  on  the  plungers  of  duplex  outside-packed  plunger  feed 
pumps  of  Worthington  type  operated  against  180  pounds  press- 
ure? (b)  What  guarantee  has  been  obtained  from  makers  of 
this  type  of  packing  on  service  as  outlined  above? 

No  metallic  packing  that  we  are  aware  of  has  been  used 
satisfactorily  upon  plungers  or  water  pistons,  and  we  know  no 
one  who  will  reliably  guarantee  satisfactory  results  at  present 
for  this  service.  W.  W.  Titzell. 

V.  2—3 
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Metallic  packing  on  plungers  of  outside-packing  plunger 
feed  pumps  has  the  advantage  of  keeping  reasonably  tight  with- 
out causing  undue  wear,  scoring,  et  c(Btera,  on  the  pump  plungers. 
It  saves  a  lot  of  expense  that  is  incurred  by  having  to  renew  soft 
packing  frequently,  and  in  case  of  horizontal  plungers  it  main- 
tains the  plunger  in  proper  alignment;  whereas  with  the  soft 
packing  the  weight  of  the  plunger  causes  it  to  wear  away  the 
soft  packing  on  the  underside  and  drop  toward  the  bottom  of 
the  pump.  The  makers  of  metallic  packing  should  guarantee 
the  repairs  on  their  packing  for  several  years. 

I.   E.   MOULTROP. 


C  14.  (a)  What  has  been  the  experience  in  pnmping  water 
with  oompreMed  airt  (b)  What  horse-power  wonld  be  required 
to  force  water  with  compressed  air  a  distance  of  400  feet,  the 
height  from  water  level  to  top  of  tank  being  100  feet;  amount 
of  water  required  would  be  80,000  gallons  in  24  hours  t 

This  requires  about  500  hp-hours  for  each  375,000  gallons 
raised  200  feet  by  the  air  lift  and  varies  with  the  condition  of 
pipes  in  the  wells.  A.  E.  Walden. 

It  is  being  successfully  done  in  many  places  in  this  city. 
Horse-power  required  is  figured  as  follows:  Amount  of  water 
delivered  per  minute  is  approximately  20  gallons.  Weight  of 
this  water  is  about  175  pounds.  Calling  the  total  lift  500  feet, 
we  have  500x175  =  87,500  foot-pounds  of  work  done  per 
minute. 

87,500 
=  2.65  horse-power  actually  required. 

33»ooo 
Assuming  an  efficiency  of  50  per  cent  (which  is  an  average  one) 

makes  about  6-hp  unit  needed  to  do  the  work. 

C.  F.  Haywood. 

C  16.  (a)  Is  any  scheme  more  economical  in  a  non-condens- 
ing plant  than  motor-driven  centrifugal  pumps  for  boiler  feed? 
(b)  With  a  steam  pump  for  starting  reserve,  is  any  more  reli- 
ability warranted? 
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A  power-plunger  pump,  belt-driven,  feeding  through  a 
heater,  is  the  most  economical  way  to  feed  steam  boilers.  If 
shafting  is  used  in  the  power-house,  belt  from  it;  if  not,  attach 
an  electric  motor.  Such  combinations  are  furnished  by  all  the 
principal  pump  builders.  W.  W.  Titzell. 

Better  economy  and  reliability  in  service  is  obtained  by 
using  steam-driven  auxiliaries  and  you  have  the  benefit  of  ex- 
haust steam  for  increasing  temperature  of  feed  water. 

G.  Wilbur  Hubley. 

In  a  non-condensing  plant  the  motor-driven  boiler-feed 
pump  is  doubtless  the  most  economical  form  that  can  be  em- 
ployed. Centrifugal  feed  pumps  have  hardly  had  sufficient  use 
to  demonstrate  their  reliability.  If  motor-driven  pumps  are 
used,  one  steam-driven  pump  or  injectors  should  be  installed  for 
use  when  the  generators  are  all  shut  down. 

I.  E.   MOULTROP. 

C  16.  Which  are  preferable  in  oonneotion  with  turbine  plantSi 
motor  or  steam-driven  auxiliaries  t 


We  propose  to  use  motors  in  connection  with  circulating 
and  air  pump,  the  pump  to  return  the  water  of  condensation  to 
boilers ;  steam  pumps  for  the  step-bearing.  I  think  this  question 
would,  to  some  extent,  be  determined  by  the  amount  of  exhaust 
steam  available.  W.  P.  Hazeltine. 

Steam-driven,  as  the  temperature  is  very  low  in  condensers 
of  the  surface  type  under  high  vacuum.  A.  E.  Walden. 

Motor-driven  auxiliaries  in  connection  with  steam-turbine 
plants  are  preferable,  in  view  of  the  fact  that  they  are  more 
efficient.  C.  W.  Koiner. 

In  a  turbine  plant  enough  of  the  auxiliaries  should  be  run 
by  steam  so  that  the  feed  water  can  be  brought  to  the  proper 
temperature,  and  this  will  depend  on  whether  or  not  you  can 
use  the  waste  heat  from  the  boilers  for  the  purpose.  With  an 
economizer  fewer  of  the  auxiliaries  will  need  to  be  run  by  steam. 

G.  B.  Leland. 
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In  turbine  plants,  steam-driven  auxiliaries  will  be  the  more 
economical  up  to  the  point  when  all  the  exhaust  steam  can  be 
condensed  in  heating  the  feed  water.  Beyond  that  point  motor- 
driven  auxiliaries  should  be  used.  I.  E.  Moultrop. 

No  fixed  rule;  depends  on  local  conditions;  amount  of 
exhaust  steam  needed  for  heating  feed  water,  space  available, 
etc.  If  steam  and  motor-driven  exciters  are  used  they  could 
be  run  alternately,  depending  upon  the  amount  of  exhaust  needed 
for  heating  feed-water,  and  under  such  conditions  a  combination 
of  both  motor  and  engine  drive  for  condenser  auxiliaries  would 
be  desirable. 

Motor  drive  for  air  pump  where  power  needed  is  constant, 
and  engine  drive  for  circulating  pump  where  power  needed 
varies  with  the  temperature  of  condensing  water. 

J.  T.  Cowling. 

C  17.  .  What  is  the  effioienoy  of  a  feed-water  injector  in  the 
ratio  of  work  done  and  heat  returned  to  boiler  to  heat  taken 
from  boiler? 

This  matter  is  worked  out  in  Peabody's  Thermo-Dynamics 
of  Stea/n  ind  O'hfr  Healing  Engines,  published  by  John  Wiley 
and  Sons.  The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

Some  makers  claim  as  high  as  98  to  99  per  cent;  it  should 
not  be  inferred  from  this  that  the  injector  is  an  economical 
machine  for  boiler-feed  purposes  as  when  used  as  a  boiler-feed 
its  efficiency  is  but  about  1.5  per  cent  better  than  a  steam  pump 
feeding  cold  water  to  the  boiler,  and  not  that  when  the  exhaust 
from  the  pump  is  turned  into  the  suction  and  utilized 
to  heat  the  feed  water.  It  is  very  often  claimed  that 
as  the  injector  puts  water  into  the  boiler  at  150  to  200 
degrees  Fahrenheit  it  is  a  very  economical  boiler  feeder,  but  it 
should  be  remembered  that  all  the  heat  imparted  to  the  water 
is  taken  from  the  boiler  itself.  E.  W.  Furbush. 

The  Babcock  and  Wilcox  Company  in  its  book  entitled, 
Steam  publishes  a  table  that  shows  that  without  the  heater  the 
direct-acting  feed  pump  and  the  injector  have  about  the  same 
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relative  economy:  Feeding  through  a  feed-water  heater  and 
direct-acting  feed  pump  is  about  six  per  ceftt  more  economical 
than  the  injector.  I.  E.  Moultrop. 

C  18*  How  can  the  water  in  a  Cochrane  water-heater  and 
porifleri  properly  connected  np  (in  accordance  with  mannfao- 
tnrer'B  directions) ,  be  increased  to  a  greater  efficiency  than  180 
degrees! 

By  increasing  the  back  pressure  to  four  or  five  pounds. 

W.  B.  Roland. 

We  find  no  difficulty  in  heating  water  to  208  degrees  Fah- 
renheit in  a  Cochrane  heater.  Probably  air-pipe  is  not  suffi- 
ciently large  to  prevent  binding.  A.  Peter^. 

G  19.  We  have  heater,  pnriiler  and  feed  pnmp  which  delivers 
the  water  to .  the  boilers  at  206  degrees  Fahrenheit.  Is  this 
fairly  economical? 

Yes;  very  good.  G.  Wilbur  Hubley. 

Consider  206  degrees  Fahrenheit  good  practice;  have  seen 
210  degrees  Fahrenheit  with  the  Cochrane  system. 

W.  B.  Roland. 

Yes ;  but  you  do  not  state  your  altitude. 

Geo.  W.  Richardson. 

Yes ;  but  it  could  probably  be  improved  if  the  details  of 
heater  arrangements  were  given.  W.  W.  Titzell. 

Yes,  as  no  economizers  are  in  use. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

You  could  not  expect  any  better  results  from  the  heater 
than  you  are  getting — 206  degrees  Fahrenheit. 

C.  W.  KOINER. 

Yes.  Wm.  Wiatte. 


38         C— FEED  WATER,  HEATERS  AND  PUMPS      C  20 

Feed  water  to  boilers  at  206  degrees  Fahrenheit  should  be 
fairly  economical,  but  think  the  cost  of  the  heater,  purifier  and 
feed  pump  would  need  to  be  considered.  O.  H.  Young. 

Yes.  G.  H.  CusHMAN. 

Yes.  C.  F.  Haywood. 

This  performance  is  fairly  good,  but  210  degrees  can  be 
obtained.  The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

C  20.  It  there  a  hot-water  meter  made^  aoonrate  enough  to 
be  used  on  boiler  feed,  to  oalculate  the  effleiency  of  the  boiler 
and  plant? 

There  is  a  reliable  hot-water  meter  made  by  the  Worthing- 
ton  works.  It,  however,  is  made  to  order  only,  as  I  under- 
stand it,  and  is  not  put  on  the  market  in  any  quantity. 

Walter  Flint. 

# 

Hot-water  meters  are  not  ideal  instruments.  They  can  be 
used  on  a  boiler  test  with  very  good  satisfaction  by  taking  care 
to  carefully  calibrate  the  meter  in  position  on  the  boiler 
immediately  before  and  after  the  boiler  test. 

I.    E.    MOULTROP. 

The  Worthington  hot-water  meter  is  sufficiently  accurate  on 
24-hour  run  to  be  used  as  a  test  meter  in  a  calculation  of  boiler 
efficiency.  It  should,  of  course,  be  checked  before  and  after 
using.  The  error  ought  to  be  within  one-half  of  one  per  cent  if 
the  meter  is  in  good  order  to  begin  with. 

The  Edison  Ill*g  Co.  of  Detroit. 

The  Worthington  piston  type  or  Venturi  water  meter. 

Augusta  Ry.  and  Elec.  Co. 

Yes;  the  Worthington  hot-water  meter. 

W.  H.  Mills. 
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We  are  using  three  four-inch  hot-water  meters  at  our  Fisk 
street  station.  The  water  that  they  measure  has  an  average 
temperature  of  150  degrees  Fahrenheit,  and  is  delivered  to  the 
boiler  through  the  meters  under  a  pressure  of  190  pounds  per 
square  inch.  The  meters  have  been  calibrated  at  yarious  times, 
but  the  greatest  error  found  was  three  per  cent,  and  the  average 
error  slightly  less  than  one  per  cent,  which  we  consider  accurate 
enough  to  use  in  connection  with  boiler  and  steam-plant  effi- 
ciency. A.  A.  Failmetzger. 

We  have  never  found  a  water  meter  that  was  accurate  over 
a  wide  range  of  capacity  and  pressure.  With  individual  meters 
for  each  boiler  reasonably  close  results  will  be  obtained.  Even 
if  they  are  not  absolutely  accurate  (and  they  are  not  likely  to 
be),  the  relative  indications  will  be  fairly  reliable,  and  this  is 
the  important  point,  after  all,  as  it  shows  any  variations  due  to 
changes  in  the  quality  of  coal  or  method  of  operation  of  the 
plant.  H.  T.  Hartman. 

While  meters  carrying  water  at  a  high  temperature  and 
pressure  can  hardly  be  termed  accurate  or  reliable,  they  afford 
a  valuable  check  upon  the  conduct  of  the  plant.  For  test  pur- 
poses the  meters  should  be  checked  or  measurements  made  by 
weighing  tanks.  A.  S.  Kibbe. 

From  the  results  of  several  tests  of  boiler  efficiency  made  in 
cases  where  the  water  was  weighed  and  checked  against  hot- 
water-meter  readings,  it  is  doubtful  if  sufficiently  accurate  results 
could  be  obtained  for  thorough  efficiency  tests.  For  daily  records 
or  as  a  check  upon  the  running  evaporative  results  in  a  plant, 
the  hot-water  meters  will  probably  introduce  no  greater  errors 
than  any  other  recording  steam  or  electrical  instruments  used  in 
maintaining  such  daily  records. 

The  Philadelphia  Elec.  Co. 

Yes;  the  Worthington  duplex  double-acting  piston  pattern 
meter,  fitted  with  adjustable  tappets  in  the  heads.  This  is  the 
only  adjustable  meter  made,  and,  consequently,  is  the  only  type 
of  measuring  machine  suited  for  such  a  service  as  measuring 
hot  feed  water  under  pressure  where  continued  accuracy  is  essen- 
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tial.  Of  course  any  machine  of  any  character  having  metal 
bearing  surfaces  will  wear  sooner  or  later,  and  such  wear  will 
result  in  inaccuracy,  but  if  means  are  provided  to  compensate 
for  the  wear  the  problem  is  solved.  This  is  what  is  accom- 
plished in  the  Worthington  hot-water  meter,  as  the  measure- 
ment is  accomplished  by  the  alternate  filling  and  emptying  of 
cylinders  in  which  plungers  move  back  and  forth,  and,  there- 
fore, by  the  lengthening  or  shortening  of  the  plunger  stroke  (as 
may  be  necessary)  by  means  of  the  adjustable  tappets  in  the  ends 
of  the  cylinders,  the  plunger  displacement  may  be  brought  into 
exact  balance  with  the  counter  reading.  By  having  the  meter 
properly  piped  on  by  a  by-pass,  it  may  be  calibrated  in  a  few 
minutes  and  as  frequently  as  desired,  under  the  actual  working 
conditions,  without  breaking  the  piping  or  opening  the  meter. 

Geo.  H.  Gibson. 

The  Henry  R.  Worthington  hot-water  meter  will  give  good 
results  when  new.  The  meters  used  for  efficiency  tests  should 
not  be  used  for  any  other  service,  as  they  are  subject  to  con- 
siderable wear  which  affects  the  accuracy  of  meter.  In  any  case, 
they  should  be  checked  before  making  any  test  of  importance 
by  weighing,  say,  fifty  cubic  feet  of  water,  previously  measured 
by  meter  under  as  nearly  as  possible  the  same  conditions  as  to 
temperature  of  water  and  speed  as  meter  will  be  subjected  to 
during  test.  J.  A.  Maloney. 

D 

FXJEL 

D  1.  Which  would  be  the  more  eeonomioal  for  stoker  nte^ 
washed  BOFeenings  of  low-grade  coal  or  the  slack  from  high- 
grade  coal? 

Slack  from  high-grade  coal.  These  fine  grades  of  coal 
should  be  well  protected  from  the  action  of  the  elements,  as 
they  deteriorate  very  rapidly.  W.  W.  Titzell. 

The  most  economical  coal  to  be  used  with  a  stoker  depends 
largely  on  the  heat  units  being  obtained  irotn  the  different  grades 
of  rice  and  slack.    The  best  way  to  determine  which  coal  is  the 
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most  economical  is  to  use  a  waste  meter  on  thfe  boiler- feed  pipe 
and  find  how  mudh  water  can  be  evaporated  with  one  dollar's 
worth  of  coal. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

The  most  economical  fuel  to  use  is  that  which  will  evaporate 
the  most  water  for  $1.00.  C.  W.  Koiner. 

Slack  from  high-g^ade  coal.  G.  Wilbur  Hub;.ey. 

D  2.  What  kind  of  ooal  is  the  better  to  use,  from  an  eoo- 
nomical  standpoint,  rice  or  buckwheat,  when  the  difference  in 
price  is  fl.SO  to  $2.00  per  tonf 

I  conducted  a  test  with  100  tons  each,  rice,  buckwheat,  pea, 
chestnut,  and  bituminous  coals.  I  found  the  cost  of  buckwheat 
per  pound  to  be  cheaper  per  pound  of  product  than  that  of 
either  of  the  other  grades..  W.  B.  Roland. 

Usually  buckwheat.  W.  W.  Titzell. 

See  answer  to  question  D  i. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester^  Pa. 

Rice  coal  on  mechanical  stokers.  (Unsigned.) 

D  8.  In  a  hand-fired  plant,  with  limited  boiler  capacitji 
which  is  considered  the  cheapest  fuel,  bittiminoat  screenings, 
run  of  mine  or  Inmpf 

Run  of  mine,  with  intelligent  firing. 

Chas.  N.  Shaw. 

Use  the  coal  that  will  g^ve  the  greatest  number  of  watt- 
hours  per  pound  of  coal;  usually  lump  coal. 

A.  E.  Walden. 

Screenings,  when  washed  and  at  same  price  as  mine  run. 
With  limited  boiler  capacity,  screenings  make  by  far  the  cheapest 
fuel.  Geo.  W.  Richardson. 
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A  mixture  of  buckwheat  and  soft  or  setni-bituminous  coal  in 
a  proportion  of  three  to  one  or,  if  it  will  do,  four  to  one. 

W.   W.   TiTZELL. 

Boiler  capacity  will  be  very  much  increased  by  the  use 
of  lump  coal.  If  draft  is  poor  it  will  usually  be  found  more 
economical  should  the  coal  all  be  a  production  of  the  same  mine 
or  be  of  equal  heat  units. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

After  tests,  we  have  found  screenings — that  is,  nut  and 
slack  mixed — the  cheapest  fuel,  lump  (although  not  so  much 
is  used)  being  the  most  expensive.  A.  Peters. 

Run  of  mine.  G.  Wilbur  Hubley. 

If  boiler  capacity  is  limited  to  such  an  extent  as  to  demand 
greatest  capacity  from  the  boilers,  there  is  no  choice  but  to  use 
that  coal  which  will  produce  it.  If  greatest  capacity  is  not 
demanded,  local  conditions  and  the  price  of  coal  must  be  con- 
sidered in  determining  the  logical  answer  to  the  question. 

E.  J.  Bechtel. 

It  is  more  economical  in  the  West  to  use  bituminous  screen- 
ings. J.  D.  Sauxders. 

Run  of  mine.  W.  P.  Hancock. 

D  4.  What  experience  have  you  had  with  use  of  slack  coal 
in  connection  with  automatic  stokers,  and  what  g^ade  have  you 
found  moit  satisfactory,  very  fine  slack,  mixture  of  slack  and 
pea,  or  Black,  pea  and  nut,  or  only  pea  or  nut  sizes? 

Nut  and  pea  coal  usually  work  best.  A.  E.  Walden. 

Have  found  slack  and  rice  coals  to  be  about  as  good  as 
any  other  mixture. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Nut  and  slack.  G.  Wilbur  Hublev. 
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We  have  two  Heine  boilers  with  Wilkinson  auto- 
matic stokers  and  find  that  we  can  get  as  good  results  from 
rice  coal  as  from  buckwheat.  We  also  find  that  by  using 
either  one  separately  we  get  better  results  than  with  a  mixture 
of  both.  (Unsigned.) 

We  are  obtaining  satisfactory  results  from  chain-grate 
stokers;  burning  pea  and  slack  size  of  coal  of  the  following 
average  analysis: 


tt     it 


Moisture 3.13  per  cent 

Volatile  comb,  matter 34-54 

Fixed  carbon 52.92 

Ash 9.41 

Heat  value 12.500  B.  t.  u. 

E.  J.  Bechtel. 

D  6.  With  a  smoke  ordinance  in  force,  and  with  fuel  prices 
as  follows — ^bitominons  (run  of  mine),  |2.96  per  ton;  anthracite, 
pea,  $3.80  per  ton;  anthracite  No.  1,  buckwheat,  |2.70  per  ton; 
anthracite  No.  2,  buckwheat,  |2.06  per  ton;  anthracite  No.  8, 
buckwheat,  |1.80  per  ton — ^whioh  would  be  the  more  economical 
fuel  or  mixture  to  use  (a)  with  natural  draft,  (b)  with  forced 
draft? 

(a)  Number  one  buckwheat. 

(b)  Number  three  buckwheat. 

Charles  N.  Shaw. 

Twenty-five  per  cent  slack  soft,  25  per  cent  pea  and  50 
per  cent  of  No.  i  or  No.  2  buckwheat  coal  gives  a  cheap  and 
satisfactory  result.  At  the  United  States  Cotton  Company's 
mill  at  Central  Falls,  R.  I.,  the  fuel  cost  with  this  mixture 
IS  $5.95  per  horse-power  per  year  when  used  with  forced  draft, 
the  fans  being  large  enough  to  deliver  a  large  quantity  of  air 
at  a*  low  velocity  using  the  hot  air  from  over  the  tops  of  the 
boilers.  A.  E.  Walden. 

We  have  found  that  where  a  smoke  ordinance  is  enforced 
it  is  necessary  to  use  George's  Creek  and  New  River  coal,  and 
we  have  adopted  Murphy  stokers.     With  this  outfit,  no  smoke 
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is  observed  coming  from  our  stacks  when  we  are  running  under 
full  load.  Without  a  reliable  smoke-consuming  device,  we 
should  think  it  would  depend  on  who  enforced  a  smoke  ordi- 
nance as  to  what  kind  of  fuel  could  be  used. 

United  Elec.  Lt.  C6. 

(a)  With  natural  draft,  one-third  bituminous,  two-thirds 
No.  3  buckwheat. 

(b)  With  forced  draft,  No.  3  buckwheat. 

Fred  B.  Sharpe. 

With  natural  draft,  a  mixture  of  75  per  cent  No.  2  buck- 
wheat and  25  per  cent  bituminous  will  make  no  smoke  and  will 
give  practically  the  same  results  as  bituminous  coal,  as  to  cost. 
Boiler  capacity  would  be  reduced  slightly. 

J.  T.  Cowling. 

D  6.  (a)  Do  you  weigh  your  coal  as  it  comeB  from  barge 
or  cars  and  check  up  bill  of  lading  for  weight?  (b)  What 
redress  has  been  obtained  in  case  of  shortage? 

We  check  weights  of  from  10  per  cent  to  20  per  cent  of 
the  cars,  and  find  railroad  weights  satisfactory. 

E.  J.  Bechtel. 

(a)  Coal  is  usually  bought  f.  o.  b.  mines  or  docks  at  original 
shipping  points. 

(b)  Technically,  no  redress  is  possible;  practically,  if  con- 
tinued shortage  occurs,  coal  companies  will  stand  it  rather  than 
lose  a  good  consumer.  R.  N.  Kimball. 

We  weigh  coal  by  the  barrow,  as  it  is  hauled  from  pile  to 
the  front  of  boiler,  and  never  knew  of  any  redress  being  obtained 
for  shortage,  even  if  car  was  checked  by  special  request  at  point 
of  receipt.  Augusta  Ry.  and  Elec.  Co. 

Coal  should  always  be  weighed  to  check  bill  of  lading 
weight,  as  otherwise  no  reliable  data  can  be  obtained  as  to  sta- 
tion economy.  The  shortage  will  probably  be  greatest  in  the 
winter  months,  and  has  averaged  two  per  cent  to  three  per  cent 
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in  the  writer's  experience,  being  as  high  as  15  per  cent  in  indi- 
vidual cases.  Exposure  of  car  to  rain  must  be  taken  into  con- 
sideration, as  slack  and  run  of  mine,  poor  in  lump,  will  absorb 
a  very  large  percentage  of  moisture. 

No  redress  against  the  railway  companies  has  been  found 
possible  when  shortage  has  occurred,  except  when  a  state  has 
a  Board  of  Corporation  Commissioners,  empowered  to  regulate 
abuses.  M.  Carrington. 

It  is  impossible  to  keep  an  accurate  check  on  the  shipping 
weight  of  coal  unless  the  car  is  weighed  upon  arrival.  If  an 
attempt  is  made  to  check  coal  as  it  is  burned  by  separating  the 
various  shipments  as  received,  too  long  a  time  elapses  before  the 
results  are  available.  Moreover,  weighing  a  carload  of  coal 
one  barrowful  at  a  time  is  a  very  inaccurate  method.  Where 
it  has  been  possible  for  us  to  weigh  the  cars  as  received, 
we  have  found  it  impossible  to  obtain  any  redress  whatever  in 
case  of  shortage.  H.  T.  Hartman. 

Coal  is  weighed  at  all  of  our  plants  as  it  comes  from  vessel 
or  cars.  Contracts  in  different  localities  differ,  but  we  have 
always  received  reasonable  treatment  on  the  part  of  shippers 
where  great  shortage  has  been  demonstrated  and  in  some 
instances  our  own  weights  have  governed.  A.  S.  Kibbe. 

D  7.  (a)  What  success  has  been  met  with  by  companies  who 
buy  coal  on  the  basis  of  the  heat  values  contained  therein,  deter- 
mined by  calorimeter  test  and  chemical  analysis!  (b)  What  is  the 
standard  specification  for  heat  value  and  chemical  analysis,  and 
what  penalty  is  imposed  for  non-fulfillment  of  contract  made  on 
above  basis  f  (c)  What  is  the  method  used  for  the  sampling  of 
the  coaly  and  (d)  what  is  the  method  of  settling  differences 
shown  by  analyses  made  by  several  chemists,  which  do  not  check 
with  each  other! 

Without  attempting  to  say  anything  about  successful  out- 
come of  coal-testing  methods,  I  wish  to  call  attention  to  an 
opportunity  for  error,  which  may  not  only  cause  trouble 
but  may  throw  discredit  on  testing  methods.  It  is  the  determi- 
nation of  fixed  carbon  and  volatile  matter,  or,  in  other  words, 
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the  volatilization.  It  should  occur  in  a  non-oxidizing  atmos- 
phere if  correct  results  are  obtained.  In  this  connection,  those 
interested  should  read  a  paper  by  Mead  and  Attix,  Journal  of 
the  American  Chemical  Society,  volume  21,  page  11 37. 

A.  Bement. 

Where  considerable  quantities  of  coal  are  to  be  purchased 
it  is  very  desirable  to  specify  the  heat  value  of  the  coal  and 
to  make  a  calorimeter  test  of  the  coal  delivered.  The  value 
of  the  coal  when  used  under  the  boiler  is  not  directly  indicated 
by  the  result  of  the  calorimeter  test,  but  it  is  more  nearly  indi- 
cated by  the  calorimeter  test  than  by  ordinary  chemical 
analysis.  It  is  impossible  to  give  any  standard  specification  for 
the  heat  value  of  coal,  because  the  different  kinds  of  coal 
differ  very  much,  and  each  purchaser  should  learn  the  best  heat 
values  that  may  be  expected  from  the  coals  to  be  purchased  in 
his  region.  Having  done  this,  the  purchaser's  contract  should 
require  the  coal  to  reach  this  figure.  The  contract  may  nominate 
that  a  failure  to  fulfil  the  specifications  with  respect  to  heat 
units  shall  afford  the  purchaser  the  privilege  of  refusing  to 
accept  and  use  the  coal  or  the  privilege  of  accepting  the  coal 
and  paying  a  price  reduced  from  the  contract  price  in  pro- 
portion to  the  deficit  of  heat  units. 

It  is  necessary  to  get  an  average  sample  from  each  ship- 
ment, and  this  can  be  done  by  taking  average  shovelfuls  from 
numerous  points  in  the  pile  or  in  a  car-load,  mixing  them 
thoroughly,  and  saving  several  samples  of  not  less  than  a  pound 
each  to  be  taken  from  different  points  in  this  pile.  These 
samples  should  be  then  thoroughly  mixed  and  pulverized.  The 
test  sample  may  be  taken  at  random  from  this  pulverized  mass. 
If  the  sampling  and  testing  have  been  carefully  done,  calori- 
meter tests  made  by  different  men  of  experience  and  skill  ought 
not  to  differ  much.  Dugald  C.  Jackson. 

This  company  has  been  buying  its  coal  for  the  past  two 
years  on  the  basis  of  heat  contained  therein,  as  per  extract  from 
the  contract,  which  follows: 

"It  is  mutually  understood  and  agreed  that  all  coal  delivered  under  this 

contract  is  to  be  of  the  gradt  known  as ,  and  is  to  come 

from  the district and  that  said  coal  is  to 
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be  the  same  in  quality  and  grade,  in  all  respects,  as  the  sample  of  coal  upon 

which  this  contract  is  based,  which  was  taken  from  the 

building  on  the day  of 190. .,  and  the  chemical 

analysis  of  which  sample  is  as  follows  : 

British  thermal  units  per 

pound  of  dry  coal 

Percentage  of  moisture 

Percentage  of  ash,  dry 

and  to  this  end  it  is  mutually  agreed  that  the  consumer  may  cause  to  be 
analyzed,  from  time  to  time,  samples  of  the  coal  delivered  hereunder  and  at 
its  option  (ist)  reject  any  or  all  coal  not  coming  up  to  said  sample  in  any  or 
all  respects,  or  (2d)  accept  any  coal  not  coming  up  to  said  sample,  in  which 
event  the  consumer  shall  pay  the  company  such  a  price  for  such  inferior 
coal  as  shall  make  such  inferior  coal  equal  in  value  to  the  consumer  to  the 
coal  contracted  for  hereunder,  such  reduced  price  to  bear  such  a  proportion 
to  the  contract  price  stipulated  herein  as  the  decreased  value  of  said  inferior 
coal  bears  to  the  value  of  said  sample  of  coal  as  determined  by  the  relative 
amounts  of  British  thermal  units  contained  in  said  coals." 

Thus  far  we  have  experienced  no  difficulty  in  making 
settlement  at  the  end  of  the  year  on  the  basis  of  our  own 
analyses.  There  are  two  firms  in  Chicago  who  make  a  business 
of  analyzing  coal  at  regular  intervals  for  just  such  purposes. 

Illinois  Maintenance  Co. 

The  best  method  of  determining  the  value  of  the  coal  is  by 
carefully  weighing  the  amount  fired  and  recording  the  kilowatt- 
hour  output  of  your  plant  during  this  test.  The  coal  that  gives 
the  greatest  efficiency  is,  of  course,  the  best  coal  to  buy,  regard- 
less of  its  theoretical  heat  value  and  chemical  analysis. 

E.  F.  McCabe. 

D  8.  What  is  the  best  method  of  firing  coke?  In  a  plant 
where  both  coke-  and  soft  coal  must  be  used,  should  the  two 
fuels  be  mixed  or  fired  separately! 

It  is  better  to  fire  coke  alone  than  to  mix  it  with  coal. 

C.   W.    KOINER. 

In  using  soft  coal  and  coke  we  have  found  it  best  that  they 
be  mixed  two  parts  coal  and  one  part  coke. 

E.  F.  McCabe. 
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D  9.    Is  one  and  a  half  cords  of  pine  wood  excessive  for  a 
7  honrs'  run  with  an  average  load  of  26  ampereSi  1100  volts? 

No.  Geo.  W.  Richardson. 


The  kind  of  boiler  and  engine  in  use  or  temperature  of  feed 
water  not  being  given,  it  is  hard  to  say;  but  assuming  that  the 
engine  is  of  a  size  suitable  for  the  work,  or  about  50  i.h.p. 
nominal  rating,  to  carry  26  amperes  at  iioo  volts  requires 
26  X  1 100  =  28.6  kilowatts  or  38.32  electrical  horse-power. 
Assuming  the  efficiency  of  the  engine  and  generator  at  80 
per  cent,  48  i.h.p.  would  be  required  to  do  the  work.  Assuming 
the  engine  to  be  a  good  four-valve  machine  and  the  boiler  to 
evaporate  eight  pounds  water  to  the  pound  of  coal,  about  three 
pounds  of  coal  would  be  required  per  i.h.p.  per  hour,  or  about 
1000  pounds  of  coal  for  the  seven  hours'  run.  Wood  being 
taken  at  four-tenths  the  value  of  coal  for  the  same  weight, 
1000  -f-  .4  =  2500  pounds  of  dry  wood  required  to  do  the  same 
work.  Weight  of  white  pine  per  cord  is  given  as  1868  pounds, 
1.5  cords  equal  2802  pounds  of  wood  used;  this  would  be  con- 
sidered good  work  for  an  engine  of  this  type. 

E.   W.    FURBUSH. 


One  and  one-half  cords  of  pine  wood  would  weigh  about 
1200  pounds,  and  as  it  will  average  about  9000  B.  t.  u.  per  pound, 
the  amount  of  fuel  used  would  be  equivalent  to  about  1800 
pounds  of  coal.  The  output  mentioned  would  be  200.2  kilowatt- 
hours,  indicating  a  fuel  consumption  equal  to  nine  pounds 
of  coal  per  kilowatt-hour,  which  is  about  what  would  be  expected 
with  a  small,  non-condensing,  high-speed  engine. 

H.  T.  Hartman. 

One  and  one-half  cords  of  yellow  pine  =--  .36  tons  of  bitu- 
minous coal  or  720  pounds ;  26  amperes  at  1 100  volts  single-phase 
and  unity  power  factor  =  28.6  kilowatts,  and  this  for  seven  hours 
=  200.2  kilowatt-hours.  Dividing  the  coal  consumption  by  the 
kilowatt-hours  gives  practically  3.6  pounds  coal  per  kilowatt-hour. 
In  a  plant  delivering  only  26  amperes  at  1 100  volts,  this  is  a  very 
good  showing.  W.  R.  Collins. 
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D  10.  Is  peat  in  practical  use  as  power  fuel  in  the  United 
States? 

No.  Many  experiments  have  been  tried  to  utilize  peat  for 
fuel,  but  thus  far  the  greatest  difficulty  has  been  in  drying  it 
economically  so  as  to  compete  in  price  with  coal. 

W.    W.    TiTZELL. 

Numerous  trials  of  peat  as  fuel  have  resulted  in  failure  in 
the  United  States.  I  know  of  no  case  of  successful  use  in  large 
quantities.  H.  T.  Hartman. 

D  11.  Have  yon  had  experience  with  oil  as  a  fnel?  If  so, 
how  has  the  cost  compared  with  coal,  taking  into  consideration 
all  labor  and  handling  factors?  Have  yon  had  any  trouble  by 
reason  of  uncertain  deliveries? 

One  pound  of  oil  will  evaporate  14  to  15  pounds  of  water, 
consuming  seven  to  eight  per  cent  of  the  steam  generated  to 
operate  the  buniers.  Using  heated  compressed  air  in  place  of 
steam  increases  the  evaporation  quite  considerably.  Burners 
giving  these  results  can  be  obtained  on  the  market. 

A.  E.  Walden. 

See  Power,  January  issue,  1905.       Geo.  W.  Richardson. 

With  lignite  coal  at  $1.91  per  ton,  oil  will  be  the  cheaper 
until  the  price  per  barrel  passes  $1.10 — 42  gallons  per  barrel. 

G.   H.    CUSHMAN. 

In  1892  there  were  reported  to  the  Engineers'  Club  of 
Philadelphia,  some  comparative  figures  from  tests  undertaken  to 
ascertain  the  relative  values  of  coal  and  oil  as  fuel. 

One  pound  anthracite  coal  evaporated  from  and  at  212°  F.,  9.70  pounds  water 
One  pound  bituminous  coal  evaporated  from  and  at  212"*  F.,  10. 14  pounds  water 
One    pound    oil    evaporated    from    and    at    212''   F.,    16.48   pounds   water 

Taking  the  efficiency  of  the  bituminous  coal  as  a  basis,  the 
calorific  energy  of  petroleum  is  more  than  60  per  cent  greater 
than   that  of  coal;   whereas,   theoretically,   petroleum   exceeds 
V.  2—4 
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coal  only  45  per  cent,  the  one  containing  14,500  heat  units  and 
the  other  21,000  heat  units. 

As  a  result  of  tests  made  in  the  northwest  with  ordinary 
Lima  oil  weighing  6.6  pounds  per  gallon,  and  costing  2.25  cents 
per  gallon,  and  coal  that  gave  an  evaporation  of  7.5  pounds  of 
water  per  pound  of  coal,  the  two  fuels  were  equally  economical 
when  the  price  of  coal  was  $3.85  per  ton  of  2000  pounds.  With 
Ihe  same  coal  at  $2.00  per  ton,  the  coal  was  37  per  cent  more 
-economical  than  the  oil.  With  the  coal  at  $4.85  per  ton  the  coal 
was  20  per  cent  more  expensive  than  the  oil.  These  results 
include  the  difference  in  the  cost  of  handling  coal,  ashes  and  oil. 

C.  C.  Gartl.\nd. 

D  12.  Can  bitominoiiB  coal  be  prevented  from  heating^  by 
inserting^  perforated  pipes  in  the  coal  and  forcing  air  through 
it  at  stated  intervals,  or  by  any  method  of  ventilation? 

Bituminous  coal  can  be  prevented  from  overheating  and 
taking  fire  by  inserting  perforate^l  pipes  in  the  coal  bin,  also  by 
ventilating  shafts  of  brick,  both  horizontal  and  vertical.  These 
will  prove  effective.    The  ventilation  must  be  thorough. 

C.   W.    KOINER. 

As  oxidation  causes  the  heating  of  bituminous  coal,  it  is 
questionable  whether  the  heating  would  be  lessened  by  supplying 
a  greater  quantity  of  oxygen.  A  more  logical  plan  would  be  to 
smother  the  fire  by  entirely  preventing  additional  oxygen  from 
reaching  it.  The  usual  plan  in  case  of  spontaiieous  combustion 
in  the  coal  pile  is  to  spread  all  of  the  coal  out  as  thinly  as  pos- 
isble,  so  as  to  prevent  the  increase  of  heating  that  would  result 
from  the  coal  above  acting  as  a  non-conductor, 

H.  T.  Hartman. 

The  supply  of  oxygen  by  ventilating  systems  would  prove  a 
source  of  danger  in  case  of  the  starting  of  the  coal  to  heat  by 
chemical  action.  The  rapid  combustion  of  a  mass  of  heated  coal 
when  uncovered  to  the  aij*  shows  this.  The  best  preventive  known 
to  the  writer  is  to  avoid  depth  in  storing  the  coal,  thus  keeping 
down  the  pressure  upon  the  lower  mass.  The  coal  should  be  kept 
in  motion  as  much  as  possible  if  a  known  tendency  to  heat  exists, 
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by  using  from  as  g^eat  a  surface  area  as  practical,  thus  cooling 
by  the  fresh  surfaces  exposed.  A  practical  way  to  do  this,  if  cars 
or  carts  are  used,  is  to  cut  alleys  into  the  pile  and  use  from  all 
sides  of  the  same  instead  of  using  from  one  side,  as  is  often  done. 

The  Philadelphia  Elec.  Co. 

D  13.  Is  it  safe  to  store  bituminous  screenings  within  the 
boiler-room?  If  so^  how  much  may  safely  be  stored,,  and  how 
long  can  it  remain  in  storage? 

Yes ;  provided  it  was  not  wet  when  stored,  and  is  kept  dry, 
it  may  be  safely  stored  for  any  length  of  time. 

Geo.  W.  Richardson. 

It  will  depend  upon  the  bituminous  coal.  Have  had  it  to 
take  fire  in  ten  days  when  stored  in  small  quantities,  nine  feet 
in  depth,  and,  again,  where  it  was  stored  15  feet  deep  there  was 
no  evidence  of  heating  during  a  period  of  ten  months. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Yes,  if  proper  ventilation  is  provided.  Advisable  to  com- 
pletely rehandle  stock  supply  about  twice  per  year. 

G.  Wilbur  Hubley. 

D  14.  Which  of  the  following  is  the  best  standard  by  whioh 
to  judge  the  value  of  coal :  Percentage  of  ash,  its  sise  or  heating 
power? 

It  would  seem  to  me  that  the  best  standard  by  which  to 
judge  of  the  value  of  coal  is  the  percentage  of  ash  and  waste 
that  comes  through  the  grate.  We  are  at  present  using  a  brand 
of  coal  that  chemically  has  eight  per  cent  ash.  The  nearest  we 
can  possibly  get  in  actual  firing  is  11  per  cent,  with  an  average 
of  probably  12  or  13  per  cent.  This  is  due,  not  to  the  actual 
amount  of  ash  in  the  coal,  but  to  the  amount  of  very  fine  coal  that 
is  bound  to  go  through  the  grate  unbumed.  It  is  quite  possible 
that  a  mechanical  method  of  firing  would  save  a  little  more  of 
this  coal.    Our  method  is  entirely  hand  firing. 

Walter  Flint. 
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The  comparative  value  of  fuels  depends  upon  so  many 
features  that  are  more  or  less  complex  that  no  single  factor  can 
be  considered  alone.  Probably  the  number  of  heat  units  is  the 
best  indicator  when  taken  singly,  but  fuels  with  equal  calorific 
values,  as  shown  by  laboratory  tests,  may  differ  considerably  in 
their  values  for  boiler  purposes.  Of  two  otherwise  equal  fuels, 
the  one  with  the  smaller  percentage  of  ash  may  ordinarily  be 
considered  the,  more  economical.  Dugald  C.  Jackson. 

Heating  power,  or  the  amount  of  water  evaporated  per 
pound  of  coal ;  or,  to  make  allowance  for  the  difference  of  price 
in  different  kinds  of  coal,  the  amount  of  water  evaporated  per 
dollar.  E.  W.  Furbush. 

By  the  heat  units  gotten  out  of  it  for  the  least  cost  per  unit. 

E.  A.  Bechstein. 

Should  judge  the  value  of  coal — ^first,  by  its  heating  value, 
as  determined  by  an  evaporation  test  made  under  same  condi- 
tions as  to  furnace  and  typ«  of  boiler  where  it  was  to  be  used. 
Second,  would  consider  the  percentage  of  ash,  which,  if  excess- 
ive, might  reduce  the  value  of  coal,  by  increasing  the  cost  of 
handling  and  maintenance  of  furnace;  and  third,  should  judge 
its  value  by  its  size;  the  very  small  sizes  as  a  rule  not  being  so 
efficient  as  the  larger.  J.  A.  Maloney. 

D  16.  What  is  the  cost  of  cmshing^  and  conveyinsr  co&l  V^^ 
ton  in  stations  where  no  hand  shoveling^  is  necessary  T 

In  a  station  burning  350  tons  per  day,  the  cost  per  ton  for 
conveying  and  crushing  coal  is  as  follows: 

Conveyer  labor  and  power        2.85  cents 
Crusher  labor  and  power  2.42  cents 

Total        5.27  cents 
Repairs  on  conveyer  .43  cent 

Repairs  on  crusher  were  not  obtainable. 

S.  B.  CUSHING. 

From  three  to  seven  cents  per  ton,  depending  on  character 
of  fuel,  apparatus  and  general  conditions. 

H.  T.  Hartmax. 
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Total  lift,  length  of  conveyer,  and  load  factor,  or  amount 
of  coal  handled  per  day,  are  very  important  factors  in  the  cost 
per  ton.  On  account  of  the  intermittent  nature  of  our  work, 
the  fixed  charges  against  the  apparatus  become  quite  an  item 
in  the  total  expense. 

On  a  straight  lift  of  fifty  feet,  coal  dumped  in  crusher  from 
hoppers  of  car,  and  horizontal  conveyer  of  loo  feet  to  bunker, 
the  total  costs  amount  to  ii  cents  per  ton,  average  amount 
handled  40  tons  per  day.  Machinery  all  motor-driven  and  cur- 
rent estimated  at  cost. 

On  an  inclined  flight  of  125  feet,  and  horizontal  conveyer 
of  no  feet  to  bunker,  coal  hoisted  from  boat  by  steam  and 
dumped  into  crusher  which  feeds  to  inclined  flight,  average 
amount  handled  200  tons  per  day,  total  costs  are  six  cents 
per  ton.  All  machinery  except  hoisting  from  boat  operated  by 
electric  motors. 

On  another  straight  lift  from  boat  by  motor  hoist,  dumping 
on  belt  conveyer  which  is  about  200  feet  long,  incline  to  height 
of  50  feet  dumping  into  bunker,  average  amount  handled  300 
tons  per  day,  the  costs  are  a  trifle  over  6  cents  per  ton. 

The  Philadelphia  Elec.  Co. 

One  and  a  quarter  kilowatt-hours  per  ton  of  coal  with  about 
1400  feet  of  conveyer  in  op'eration  with  the  crusher. 

W.  P.  Hancock. 

D  16.  In  a  steam  plant  with  26  per  cent  load  factor,  non- 
condensing^,  6  ponnds  back  pressnre,  160  ponnds  pressnre,  200 
degrees  snperheat,  2000-kilowatt  capacity,  engines  20  feet  from 
boilers,  chain-grate  B.  &  W.  stokers,  what  amonnt  of  nin  of 
mine  coal  per  kilowatt-honr  at  station  'bns-bars?  System  direct- 
cnrrent,  low-tension,  24  honrs  per  day  run. 

Six  pounds  of  coal  per  kilowatt-hour  is  average  consump- 
tion. H.  J.  Meyer. 

Conditions  mentioned  are  very  bad,  on  account  of  the  low 
load  factor  and  high  back  pressure.  I  should  judge  that  the 
amount  of  coal  per  kilowatt-hour  would  be  at  least  eight  pounds ; 
probably  higher.  H.  T.  Hartman. 
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Eight  to  ten  pounds  run-of-mine  coal  per  kilowatt-hour  is 
about  as  little  as  could  be  expected  under  the  circumstances 
outlined.  A.  S.  Kibbe. 

If  load  factor  given  is  derived  from  maximum  capacity 
multiplied  by  24  hours*  run,  should  say  that  5.2  would  represent 
good  work.  If  load  factor  is  derived  upon  actual  capacity  and 
24-hours  run — in  other  words,  six  hours'  use  of  the  actual 
average  boiler  capacity  on  the  line — the  result  might  be  slightly 
lower.  The  Philadelphia  Elec.  Co. 

Six  pounds.  Fred  B.  Sharpe. 

D  17.  What  is  the  best  method  of  firing  the  western  lignite, 
that  the  combnstion  of  the  hydrocarbons  may  be  complete? 

Without  having  had  the  experience  in  firing  western  lignite, 
it  would  appear  by  analogy  that  the  best  method  to  insure  the 
combustion  of  the  hydrocarbons  would  be  to  employ  some  type 
of  furnace  that  is  most  successful  in  burning  long-flame  bitu- 
minous coals  without  smoke ;  preferaby,  a  long  brick  arch  or  a  tile 
roof  over  the  furnace.  (Unsigned.) 

E 
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£  1.  What  is  a  good  handy  rule  for  determining  horse-power 
of  boilers? 

Thirty  pounds  of  water  at  70  degrees  Fahrenheit  evaporated 
into  steam  at  212  degrees  Fahrenheit  per  hour,  or  34.5  pounds 
water  at  212  degrees  Fahrenheit  evaporated  into  steam  at  212 
degrees  Fahrenheit.  W.  B.  Roland. 

The  rating  of  boilers  is  extremely  indefinite.  The  ratio  of 
heating  surface  to  horse-power,  when  boiler  is  run  under  ordi- 
nary conditions,  is  as  follows: 

Water  tube 10  10  12  sq.  ft.  of  heating  surface  per  horse-power 

Fire  tube J4  '*  18      '* 


Flue 8  **  12 

Plain  cylindrical 6  **  10 


4t-n  It  t*  t<  it  i4 


t4  t«  >•  >k  i« 


LocomotiveCsutionary  pract.)  12  **  16 


44      ,A  *<  **  (*  **  <( 


E  I      E— BOILERS  AND  MECHANICAL  STOKERS         55 

But  the  accurate  standard  of  a  boiler  horse-power  is  34.5 
pounds  of  water  evaporated  from  a  feed-water  temperature  of 
212  degrees  Fahrenheit  into  steam  at  the  same  temperature. 

Geo.  W.  Richardson. 


A  handy  rule  for  determining  the  horse-power  of  boilers 
is  to  allow  10  feet  of  submerged  heating  surface  per  horse- 
power. Many  manufacturers  allow  as  low  as  seven  feet  per 
horse-power,  but  it  requires  a  high  flue  temperature  and  lower 
economy  to  get  the  capacity  on  this  basis. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Strictly  speaking,  there  is  no  such  thing  as  "horse-power" 
to  a  steam  boiler;  it  is  a  measure  applicable  only  to  dynamic 
effect.  But  as  boilers  are  necessary  for  driving  steam  engines, 
the  same  term  applied  to  steam  engines  has  come  to  be  uni- 
versally applied  to  boilers. 

Rule  :  Divide  the  total  water-heating  surface  in 
square  feet  by  the  number  of  square  feet  of  heating  area — 
as  given  in  the  table  below — required  to  produce  an  evapora- 
tion equivalent  to  one  horse-power  in  boilers  of  the  given  type. 

Typb  of  Boiler  H  rating  SuRPACit  fok  i  Hor!>r-Powbr 

Square  Feet 

Water  tube 10  to  12 

Tubular 14   **   18 

Flue 8   **  12 

Plain  cylinder 6   '*   10 

Locomotive 12    **   16 

Vertical  tubular 15    **  20 

S.  C.  Foster. 

Weigh  the  coal  and  weigh  the  water.  Meters  are  not 
sufficiently  reliable  for  accurate  results.  A  tank  may  be  gradu- 
ated and  tabulated  so  that  scales  may  be  dispensed  with  after 
weighing  the  first  tank  full.  Allow  30  pounds  to  the  horse- 
power per  hour.  W.  W.  Titzell. 

A  common  rule  is  to  allow  15  to  18  square  feet  of  heating 
surface  per  horse-power  in  return  tubular  boilers  and  10  to  12 
square  feet  for  water  tube.  A.  Peters. 
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Divide  number  of  pounds  of  water  evaporated  from  and 
at  212  degrees  Fahrenheit  by  34.48.        G.  Wilbur  Hubley. 

This  formula  may  be  used  for  horizontal  tubular  boilers: 

Heating  surface  in  square  feet 

11:5 
For    heating    surface,    figure    on    area    of    inside    of    tubes, 
one-half  shell,  and  one  end.  Sam'l  Kahn. 

The  proper  rule  for  determining  the  horse-power  of  a  boiler 
is  based  on  the  capacity  of  the  boiler  for  evaporating  water. 
Approximately  10  square  feet  of  heating  surface  that  is  in  con- 
tact with  water  may  be  accepted  as  sufficient  to  supply  the 
necessary  evaporating  area  for  one  rated  boiler-horse-power 
in  most  types  of  boilers.  The  horse-power  of  a  boiler  is  there- 
fore equal  to  the  heating  surface  in  contact  with  water,  divided 
by  10.  When  using  this  rule,  it  must  be  remembered  that  a 
rated  boiler-horse-power  may  afford  each  hour  more  or  less 
steam  than  is  consumed  per  indicated-horse-power  by  the  engine 
to  which  the  boilers  supply  steam.  With  a  thoroughly  efficient 
engine,  each  rated  boiler-horse-power  is  more  than  sufficient  to 
supply  the  steam  consumed  per  each  indicated-horse-power. 

DuGALD  C.  Jackson. 

See  page  679,  Kent's  Mechanical  Enginec/s  Pocket  Book. 

G.    H.   CUSHMAN. 

About  12  square  feet  of  heating  surface  per  horse-power. 

Augusta  Ry.  and  Elec.  Co. 

There  is  no  good,  handy  rule  for  determining  the  horse- 
power of  boilers;  if  there  were,  it  would  vary  with  each  type 
and  style  of  boiler.  In  return  tubular  boilers  a  heating  surface 
of  12  to  13  square  feet  per  horse-power  is  often  used.  The  best 
method  of  determining  the  horse-power  of  a  boiler  is  the  evapo- 
rative test,  using  the  American  Society  of  Mechanical  Engineers' 
standard,  30  pounds  of  water  evaporated  per  horse-power-hour 
from  and  at  212  degrees  Fahrenheit.  E.  F.  McCabe. 

A  committee  of  the  American  Society  of  Mechanical  Engi- 
neers recommended  30  pounds  of  water  as  the  unit  of  boiler 
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power,  and  this  is  now  generally  accepted.  It  advises  that 
the  commercial  rating  be  taken  as  an  evaporation  of  30  pounds 
of  water  per  hour  from  a  feed  temperature  of  100  degrees  Fah- 
renheit into  steam  of  70  pounds  gauge  pressure,  which  may  be 
considered  to  be  equal  to  34.5  units  of  evaporation ;  that  is  34.5 
pounds  of  water  from  a  feed  temperature  of  212  degrees  into 
steam  at  same  temperature.  This  standard  is  equal  to  33.305 
B.  t.  u.  per  hour.  C.  C.  Gartland. 

E  2.  Has  the  efficiency  of  boilers  been  increased  in  the  past 
25  years,  and  if  not,  why  not? 

The  efficiency  of  boilers  has  not  been  increased  much  in 
the  last  twenty-five  years.  There  has  been  some  increase  in 
the  efficiency  of  boiler  plants  by  the  addition  of  economizing 
auxiliaries.  The  boiler  itself  is  doing  very  little  better  now  than 
a  quarter  century  ago,  if  we  consider  the  best  types  that  were 
in  use  at  that  time. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Yes,  approximately  50  per  cent  increase  of  efficiency. 

G.  Wilbur  Hubley. 

Because  people  have  not  studied  and  do  not  study  such 
matters  thoroughly.  They  fail  to  get  to  the  bottom  of  the  prob- 
lem and  consider  it  in  its  individual  aspects.  It  is  assumed,  of 
course,  that  the  inquirer  in  his  use  of  the  word  "boiler"  refers 
rather  to  the  entire  apparatus  of  which  the  boiler  is  only  a 
portion.  A.  Bement. 

The  efficiency  of  boilers  has  certainly  been  increased  since 
the  Babcock  and  Wilcox  and  other  types  of  water-tube  boilers 
have  been  on  the  market.  This,  we  think,  has  been  within  the 
past  tv^^enty-five  years.  E.  F.  McCabe. 

£  3.  What  is  the  rate  of  evaporation  per  ponnd  of 
fuel  for  return  tubular  and  internally-fired  marine-type  boilers? 

Horizontal  tubular  boilers  built  by  a  well-known  firm  hold 
a  record  of  12.86  pounds  of  water  evaporated  per  pound  of  com- 
bustible from  and  at  212  degrees  Fahrenheit. 

W.  W.  Titzell. 
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It  depends  entirely  on  the  heat  value  of  the  fuel  and  the 
condition  of  combustion  of  the  fire  serving  the  boiler. 

A.  Bement. 


The  evaporation  for  horizontal  return  tubular  boilers  may 
be  from  9  to  10  pounds  of  water  per  pound  of  coal  burned, 
when  high-grade  anthracite  or  Cumberland  bituminous  coal  is 
used  and  the  firing  is  done  with  brains.  With  low-grade  coal, 
the  evaporation  p^r  pound  of  coal  may  be  considerably  less: 
and  the  result  will  also  be  less  if  the  firing  is  poorly  directed 
or  the  boilers  are  in  bad  condition  or  poorly  set.  Internally- 
fired  boilers  can  not  be  relied  upon  to  give  any  higher  evapo- 
ration per  pound  of  coal  than  can  be  obtained  with  proper  firing 
of  well-designed  and  properly-set  return  tubular  boilers. 

DuGALD  C.  Jackson. 

A  well-set  return  tubular  boiler  should  give  an  evaporative 
efficiency  of  nine  to  ten  pounds  of  water  from  and  at  212  degrees 
per  pound  of  combustible.  E.  F.  McCabe. 

It  depends  upon  kind  of  coal,  fireman  and  load  factor  to  such 
an  extent  that  no  general  answer  can  be  given. 

R.  N.  Kimball. 

E  4.  Is  a  Scotch  or  water-tube  boiler  best  adapted  to  operate 
an  electric  plant  16  hours  daily,  variable  load? 

Either  Scotch  or  return  tubular  is  preferable  to  water 
tubular  of  any  make.  W.  B.  Roland. 

Water-tube  boilers  preferred.  G.  Wilbur  Hubley. 

We  find  the  water-tube  boiler  the  most  satisfactory,  on  ac- 
count of  the  small  volume  of  water  contained,  which  makes  it 
possible  to  add  boilers  quickly  and  economically  as  the  load  in- 
creases. The  circulation  in  the  marine  boiler  is  slow  so  that  the 
bottom  of  the  boiler  is  generally  cold,  unless  a  circulating  pipe 
is  put  in.    This  creates  unequal  strains  in  the  boiler,  and  leakage. 

R.  N.  Kimball. 
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E  6.  What  experienoe  has  been  had  with  spiral  or  other 
form  of  baffle  plates  in  the  tubes  of  water-tube  boilers  and  feed- 
water  heaters?    Is  their  use  an  advantage  or  otherwise? 

Baffle  plates  or  dry  pipes  are  a  necessity  in  all  boilers  hav- 
ing small  steam  drums  or  contracted  water  surface  for  the  dis- 
engagement of  steam.  Spiral  or  baffle  plates  within  the  tubes 
of  feed-water  heaters  and  water-tube  boilers  have  not  proved  of  \ 
any  benefit,  but  are  in  almost  all  cases  a  detriment,  and  in  some 
instances  dangerous.  W.  W.  Titzell. 

£  6.  Has  any  member  had  experienoe  with  corrugated  fur- 
nace internally-fired  boilers,  and  if  so,  what  are  the  results? 

They  are  used  extensively  in  the  United  States  Navy  and 
are  giving  good  satisfaction.  Geo.  W.  Richardson. 

We  have  four  250-hp,  internally-fired  boilers  with  corrugated 
fire-box.  These  boilers  have  been  in  use  nine  years,  giving  ex- 
cellent satisfaction.  There  has  not  been  a  fire  tube  renewed, 
neither  has  there  been  a  rivet  replaced  since  they  were  purchased. 
These  boilers  have  been  operated  at  150  pounds  initial  pressure. 

E.  B.  Greene. 

£  7.  What  kind  of  burner  should  be  used,  and  how  should 
the  boilers  be  built  inside,  to  give  the  best  oil  combustion? 

A  checker  brick  wall  should  be  constructed  about  two  feet 
and  a  half  from  bridge  wall,  wall  be  removed  and  the  grates 
bricked  over  all  but  about  one-third  through  which  the  air  mixes 
witfi  hot  oil  gases.  A.  E.  Walden. 

A  burner  in  which  the  oil  is  atomized  by  steam  with  fur- 
nace built  with  brick  arch  so  that  the  first  or  extreme  heat  of 
combustion  does  not  come  in  contact  with  the  shell  or  tubes. 

G.  H.  CUSHMAN. 

£  8.  What  special  features  would  be  required  in  a  furnace 
designed  to  bum  Iowa  block  coal? 

The  important  features  would  be  to  place  the  boiler  at  an 
ample  height  above  the  grate  bars  (about  three  feet  six  inches  in 
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the  case  of  a  horizontal  tubular  boiler)  and  to  provide  for  an 
ample  supply  of  air  through  the  grate  bars. 

»  H.  T.  Hartman. 

E  9.  What  is  the  best  ratio  of  grate  to  heating  inrface  in 
a  wood-fired  f  nmaoe,  and  how  mneh  wood  is  burned  per  square 
foot  of  grate  area? 

E  10.  Give  any  reeords  of  ezperienoe  you  have  oonoeming 
burning  of  ooal  in  an  eleetrio-light  plant  at  a  rate  ezoeeding  30 
pounds  per  square  foot  of  grate  surface  per  hour. 

With  Murphy  stokers  we  have  found  that  we  can  burn 
anywhere  from  40  to  70  pounds  of  coal  per  square  foot  of  grate 
surface  per  hour.  United  Elec.  Lt.  Co. 

Sixty-nine  pounds  of  coal  per  square  foot  of  grate  per  hour 
has,  to  the  writer's  knowledge,  been  burned  in  such  service. 

A.  Bement. 

In  its  Heine  boilers  the  Denver  Gas  and  Electric  Company 
is  constantly  burning  30  pounds  or  more,  with  an  evaporation 
of  between  6  and  6.5  pounds  water  per  pound  of  coal  and  a 
horse-power  development  a  small  percentage  above  the  builder's 
rating.  C.  F.  Haywood. 

Have  burned  as  much  as  44  pounds  per  square  foot  of 
grate  for  10  hours  with  0.75-inch  draft  in  back  connection  of 
a  two-pass  Babcock  and  Wilcox  boiler.  Grates  had  nearly  60 
per  cent  air  space.  W.  P.  Hancock. 

Ell.  Are  meohanieal  stokers  reoommended  for  small  plants, 
of,  say,  from  100  to  600  horse-power?    Of  2600  horse-power T 

(a)   No.     (b)  Yes.  Geo.  W.  Richardson. 

No;  and  it  is  an  open  question  as  to  the  actual  benefit  of 
stokers  for  large  plants.  W.  W.  Titzell. 

Stokers  are  advisable  if  a  low  grade  of  fuel  is  to  be  used 
where  the  maximum  boiler  capacity  is  required,  but  will  not 
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show  much,  if  any,  advantage  in  labor  saving  at  plants  under  500 
horse-power. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester^  Pa. 

It  is  not  advisable  to  use  stokers  for  small  plants,  but  for 
large  plants  it  is  desirable,  as  a  saving  is  effected  in  labor. 

C.  W.  KOINER. 

Our  opinion  would  be  that  mechanical  stokers  are  economi- 
cal for  almost  any  size  of  plant.  United  Elec.  Lt.  Co. 

Mechanical  stokers  are  to  be  recommended  in  all  cases  for 
plants  with  capacity  exceeding  1000  horse-power. 

G.  Wilbur  Hubley. 

Mechanical  stokers  are  not  to  be  recommended  for  plants 
that  use  less  than  50  or  60  tons  of  coal  per  week,  and  they  afford 
comparatively  little  advantage  to  plants  that  do  not  use  over  100 
tons  of  coal  per  week.  They  are  ordinarily  to  be  strongly  recom- 
mended for  use  in  plants  using  over  200  tons  of  coal  per  week. 

DuGALD  C.  Jackson. 

The  greatest  saving  occasioned  by  use  of  mechanical  stokers 
is  the  saving  in  boiler-room  labor,  and  liability  of  labor  trouble. 
In  most  small  stations  the  saving  would  not  warrant  the  in- 
stallation, but  in  plants  of  2500-hp  and  over  the  conditions  are 
usually  favorable  to  labor-saving  mechanical  stokers,  provided 
proper  coal  is  available.  E.  J.  Bechtel. 

I  should  not  ordinarily  recommend  stokers  for  a  plant  of 
from  100  to  500  horse-power.  On  a  plant  of  2500  horse-power 
it  is  probable  that  their  use  would  be  warranted. 

H.  BOTTOMLEY. 

We  do  not  think  it  advisable  to  use  mechanical  stokers  in  a 
small  plant,  say  from  100  to  500  horse-power.  In  this  case  the 
.cost  of  labor  would  not  be  lessened  any;  interest,  depreciation, 
maintenance  and  power  required  to  operate  the  mechanical  stoker, 
would,  we  think,  more  than  offset  any  saving  that  might  be  made 
by  its  use.    Besides,  it  is  impossible  to  force  a  mechanical  stoker- 
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fed  furnace  as  much  as  one  fed  by  hand.  In  a  plant  of  2500  horse- 
power the  question  of  labor  would,  in  all  probability,  make  it 
advantageous  to  use  a  mechanical  stoker.        E.  F.  McCabe. 

Mechanical  stokers  are  of  little  advantage  in  small  plants 
and  it  is  doubtful  if  they  are  of  any  special  advantage  in  any 
plant  not  equipped  with  machinery  to  bring  the  coal  to  the 
boiler.  A  plant  of  2500  horse-power  ought  to  be  equipped  with 
mechanical  stokers  and  coal-handling  machinery. 

I.  E.   MOULTROP. 

£  12.  Is  there  an  aotnal  saving  in  using  stokers,  irrespec- 
tive of  cost  or  quality  of  coalT 

Yes.  In  large  installations  the  saving  due  to  less  labor  is 
more  than  in  the  increased  efficiency.       Geo.  W.  Richardson. 

Doubtful.  They  are  being  put  in  and  taken  out  frequently. 
A  certain  builder  of  stokers  has  one  in  an  eastern  city  where 
he  has  paid  upwards  of  $5000  in  first  cost  and  repairs  to  keep  it 
going.  W.  W.  TiTZELL. 

Have  found  very  little  saving  in  fuel  by  use  of  stokers,  but 
have  found  a  large  increase  in  the  capacity  of  boilers  to  carry 
high  load  peaks.    A  cheaper  grade  of  coal  can  be  used. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

We  have  found  stokers  very  economical  and  they  have  ef- 
fected considerable  saving  for  us.  United  Elec.  Lt.  Co. 

Yes.  G.  Wilbur  Hubley. 

Mechanical  stokers  applied  to  a  plant  that  uses  sufficient 
coal  (say  200  tons  per  week  and  upwards)  and  in  which  suitable 
coal-handling  devices  are  installed,  afford  a  large  saving  in  the 
co'st  of  labor.  They  may  also  be  relied  upon  to  improve  the 
evaporative  economy  produced  in  the  boiler  plant  as  compared 
with  ordinary  hand  firing,  though  there  is  no  improvement  as 
compared  with  the  highest  grade  of  hand  firing. 

DuGALD  C.  Jackson. 
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The  greatest  saving  occasioned  by  use  of  mechanical  stokers 
is  in  boiler-room  labor.  The  stoker,  however,  should  be  selected 
carefully  with  reference  to  the  coal  available.      E.  J.  Bechtel. 

There  is  no  actual  saving  in  using  stokers,  irrespective  of 
tost  and  quality  of  coal.  E.  F.  McCabe. 

The  chief  advantage  in  the  use  of  stokers  comes  in  the 
saving  of  labor.  I.  E.  Moultrop. 

£  13.  (a)  What  is  the  gain  from  the  use  of  mechanical 
stokers?  (b)  Is  the  efficiency  of  the  boilers  increased?  (c)  With 
stokers^  can  a  cheaper  grade  of  coal  be  burned? 

Uniformity  and  reliability  of  stoking  fires,  and  lower  grade 
of  coal  can  be  used  w^ith  advantage  and  economy. 

G.  Wilbur  Hubley. 

A  cheaper  grade  of  coal  can  ordinarily  be  handled  with 
much  less  cost  for  labor  in  a  plant  using  mechanical  stokers  than 
in  a  plant  relying  upon  hand  firing.  In  connection  with  this 
question,  see  the  answer  to  E  12.  Dugald  C.  Jackson. 

About  five  tons  per  day  in  a  plant  using  100  tons  per  day. 
(b)  Yes.     (c)  Yes.  G.  F.  Willard. 

(a)  Reduced  cost  of  labor. 

(b)  Efficiency  of  boiler  increased,  but  not  efficiency  of 
boiler  and  grate  as  compared  with  best  hand  firing. 

W.  P.  Hancock. 

The  efficiency  of  the  boiler  should  be  increased  slightly  by 
the  use  of  stokers.  They  also  materially  reduce  the  labor  in 
the  fire-room  and  make  available  many  of  the  cheaper  grades 
of  coal.    Whefi  properly  handled,  they  also  reduce  smoke. 

I.  E.  Moultrop. 

A  cheaper  grade  of  coal  can  be  burned  with  the  use  of 
mechanical  stoker  than  with  hand  firing.  E.  F.  McCabe. 
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E  14.  Wliat  is  the  cost  of  repairs  on  varioiu  types  of  stoker 
grates,  including  repairs  to  briclnKrork,  inside  of  fnmaoe?  In 
answering,  state  make  and  horse-power  of  boiler,  make  and  sur- 
face of  grate,  and  effective  draft,  whether  draft  is  natural, 
induced  or  forced. 

We  have  found  with  Murphy  stokers  on  300-hp  Hazelton 
boilers  with  natural  draft  that  repairs  per  year  per  boiler  have 
been  less  than  $10  each.  United  Elec.  Lt.  Co. 

E  16.  (a)  Do  smoke-consumers  bum  the  smoke  or  prevent 
the  making  of  it?  (b)  Do  they  reduce  the  expense  of  running 
the  boilers? 

(a)  Prevent  the  formation  of  smoke. 

(b)  Yes.  W.  B.  Roland. 

(a)  Smoke  when  once  formed  can  not  be  burned;  they  do 
not  entirely  prevent  the  making  of  smoke,  (b)  The  expense 
is  greater  with  than  without  them. 

Geo.  W.  Richaiu)sox. 

It  is  a  chemical  impossibility  to  burn  smoke  (lamp-black). 
Its  formation  can  be  and  is  prevented  by  introducing  jets  of 
steam  under  the  grates  or  into  the  furnace. 

W.  W.  Titzell. 

So-called  smoke  consumers  prevent  smoke,  or,  in  other 
words,  cause  better  combustion  and  in  consequence  increase  fur- 
nace efficiency  and  lower  cost  of  operation. 

G.  Wilbur  Hubley. 

Smoke  consumers  both  burn  the  smoke  and  prevent  its 
formation.  The  statement  that  smoke  can  not  be  burned,  has 
been  passed  along  by  one  writer  and  another  for  such  a  length 
of  time  that  people  do  not  always  think  what  it  means.  Obser- 
vation will  show  that  smoke  is  discharged  from  igniting  coal 
at  the  firing  line  of  a  stoker,  but  in  its  passage  over  the  fire 
by  mixture  with  air,  its  carbon  combines  just  the  same  as  any 
other.  A.  Bement. 
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The  effective  smoke  consumer  should  produce  more  perfect 
combustion,  which  should  increase  the  efficiency  of  the  boiler. 

I.  E.   MOULTROP. 

Smoke  consumers  prevent  the  formation  of  smoke  by  fur- 
nishing the  proper  amount  of  air  for  perfect  combustion,  hence 
there  is  no  smoke.  W.  H.  Mills. 

Smoke  consumers  do  not  bum  the  smoke,  but  they  do,  in  a 
great  measure,  prevent  the  making  of  it.  E.  F.  McCabe. 

E  16.  Is  blowing  fines  with  steam  injnrions  to  the  tnbes, 
and  if  SO)  in  what  wayt 

No,  provided  the  steam  pressure  is  90  pounds  or  over.  The 
flues  should  be  scraped  once  a  week  in  addition  to  the  blowing. 

J.  D.  Saunders. 

No.  G.   H.   CUSHMAN. 

No.  Geo.  W.  Richardson. 

If  the  tubes  are  blown  while  hot  the  steam  is  not  injurious,^ 
but  by  blowing  them  while  cold  a  crust  of  soot  may  soon  be 
baked  upon  the  tubes,  which  will  insulate  them  from  the  flame^ 
The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

No,  not  if  the  boiler  is  warm.  Boiler  tubes  should  not  be- 
Mown  with  steam  when  the  boiler  is  cold  as  it  will  cause  the: 
tubes  to  expand  and  leak.  C.  W.  Koiner. 

Our  experience  has  been  that  blowing  tubes  by  steam  is 
injurious,  in  many  cases  producing  a  soot  enamel  which  is  next 
to  impossible  to  remove  with  the  ordinary  flue  scraper. 

Chas.  H.  Peters. 

Yes;  it  forms  sulphuric  acid  and  causes  external  corrosion., 

G.  Wilbur  Hubley. 

We  have  blown  flues  this  way  every  day  for  ten  years  with- 
out noticing  any  injurious  results. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

V.  2— c 
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No.  W.  H.  Mills. 

No.  Augusta  Ry.  and  Elec.  Co. 

E  17.  Is  it  better  to  expand  boiler  tnbes  with  boiler  foil 
or  empty? 

I  don't  know  that  there  is  any  advantage  either  way.  1 
have  expanded  tubes  with  the  boiler  full  and  also  with  it  empty, 
and  never  saw  any  advantage  one  way  over  the  other. 

Chas.  N.  Shaw. 

It  is  better  to  have  the  boiler  empty,  especially  with  sectional 
expander.  Either  may  give  good  results  if  no  sediment  is  be- 
tween the  flue  and  sheet;  neither  will  if  sediment  prevents  a 
metallic  contact.  C.  E.  Bowe. 

Empty.  Geo.  W.  Richardson. 

It  makes  no  difference,  but  no  hammering  or  calking  should 
be  done  to  any  extent  when  the  boiler  is  full  of  water,  as  the 
concussions  will  cause  leaks  in  other  parts  of  the  boiler. 

W.   W.    TiTZELL. 

Boiler  makers  do  not  hesitate  to  roll  tubes  with  the  boiler 
full  of  cold  water,  provided  the  type  of  boiler  is  one  that  can 
be  rolled  without  entering  it. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

If  by  this  is  meant  simply  expanding  tubes  previously 
expanded,  but  leaking,  it  is  better  to  do  this  with  boiler  ^ull; 
then  go  over  any  that  weep,  with  boiler  under  low  pressure. 
Expand  until  weeping  stops,  but  do  not  go  further,  as  unnec- 
essary rolling  takes  the  nature  out  of  tube  ends. 

Chas.  H.  Peters. 

It  is  better  to  empty  the  boiler  when  expanding  tubes. 

C.  W.  KOINER. 

When  empty.  Wm.  Wiatte. 
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Empty.  G.  H.  Cushman. 

We  have  never  had  any  trouble  on  tubular  boilers  with  tubes 
that  have  been  expanded  with  the  boiler  empty. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

It  is  better  to  expand  them  while  they  are  empty. 

Augusta  Ry.  and  Elec.  Co. 

If  a  water-tube,  expand  when  boiler  is  empty ;  if  a  fire-tube, 
do  the  same.  H.  C.  Hall. 

E  18.  Is  there  any  other  method  in  use  giving  inooessfnl 
results  for  keeping  the  external  surfaces  of  tubes  free  from  soot 
in  a  water-tube  boiler  of  the  Baboock  type,  than  the  ordinary 
method  of  blowing  with  steam  or  air  (by  hand)  t 

Feed  the  blower  with  dry  sand  while  blowing. 

G.  H.  Cushman. 

There  is  a  patented  device  that  is  said  to  be  very  effective. 

H.    BOTTOMLEY. 

Forced  draft  will  tend,  to  keep  boiler  surfaces  clean. 

Augusta  Ry.  and  Elec  Co. 

Use  the  broom.  R.  N.  Kimball. 

E  19.  We  have  two  boilers  that  we  do  not  use;  what  is 
the  best  way  to  keep  them  in  good  condition — ^keep  them  filled 
with  water,  steam  them  once  a  month,  or  dry  them  out  and  let 
them  remain  so  until  we  want  to  use  them  ag^aint 

Empty  the  boilers  and  clean  same  thoroughly  inside  and 
out,  then,  with  handhole  and  manhole  plates  out,  put  about 
a  scoopful  of  charcoal  in  a  pan  and  put  same  on  two  bricks,  to 
keep  pan  off  shell;  put  this  in  the  boiler,  on  bottom  of  shell, 
and  burn  the  charcoal  until  the  boiler  is  perfectly  dry  inside. 
Then  close  all  openingfs,  placing  about  a  peck  of  lump  lime  in 
a  box  in  tube  before  closing  manhole.  Chas.  N.  Shaw. 
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One  good  way  is  to  clean  them  out  and  fill  them  with  water  ; 
another  way  is  to  empty  the  boiler,  dry  it  thoroughly,  place  trays 
of  quick-lime  in  the  bottom  and  seal  it  as  nearly  airtight  as 
possible.    This  is  the  method  used  in  the  United  States  Navy. 

Geo.  W.  Richardson. 

If  boilers  are  to  stand  a  long  time  out  of  use,  by  all  means 
dry  them  out. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Never  leave  a  boiler  full  of  water  for  any  length  of  time,^ 
particularly  if  it  has  steel  tubes.  We  have  had  several  instances 
where  the  boiler  was  left  full  of  water  and  inside  of  nine  months 
the  steel  tubes  were  ruined  by  pitting.  Distilled  water  is  death 
to  steel  tubes.  Open  the  boiler  and  dry  it  out.  In  laying  up, 
blow  off  or  empty  it,  close  the  blowoff  and  put  in  two  or  three 
gallons  of  crude  petroleum.  Fill  full  of  water  (run  over),  then 
let  the  water  run  out.  The  vaseline  will  protect  the  shell  and 
tubes.  W.  W.  TiTZELL. 

Keep  them  perfectly  dry  and  leave  handhole  and  manhole 
plates  off.  Andrew  F.  Hall. 

Idle  boilers  may  be  filled  full  of  water  when  out  of  service 
or  they  may  be  drained  of  all  water,  dried  out,  and  pans  of 
lime  put  in  the  bottom  to  absorb  any  moisture  that  may  be  in 
them.  C.  W.  Koiner. 

We  would  recommend  drying  out  the  boiler  and  keeping  it 
dry.  United  Elec.  Lt.  Co. 

I  beg  to  quote  instructions  received  from  a  prominent  manu- 
facturer of  steam  boilers: 

"The  worst  feature  to  take  care  of  is  outside  corrosion  *  *  " 
run  the  water  out  before  the  boiler  has  entirely  cooled  off, 
leaving  gauge  cocks  and  blow-off  valves  open  to  give  as  much 
circulation  of  air  as  possible,  and  when  cooled  entirely  off,  close 
up  all  valves  and  allow  it  to  remain  that  way  *  *  *  clean  off  all 
the  soot  possible  *  *  *  close  damper  and  all  doors  tightly  *  *  * 
throw  some  boards  on  the  grates  and  spread  about  a  barrel  of 
unslacked  lime  on  them  to  absorb  as  much  moisture  as  possible.''* 


E  19    E— BOILERS  AND  MECHANICAL  STOKERS        69 

This  information  related  to  a  water-tube  boiler,  but  should 
oflfer  suggestions  for  any  type.  Geo.  B.  Lauder. 

Keep  boilers  full  of  water.  G.  W.  Hubley. 

Keep  them  full  of  water.  Wm.  Wiatte. 

Should  think  a  good  way  to  care  for  boilers  that  are  to 
stand  idle  for  any  considerable  length  of  time  would  be  to  clean 
and  dry  them  thoroughly  (leaving  the  manhole  plates  out)  and 
set  pans  of  lime  inside  the  boilers  and  settings  to  absorb  any 
moisture  that  may  gather.  O.  H.  Young. 

Use  them  at  stated  intervals.  G.  H.  Cushman. 

It  is  better  to  lay  away  boiler  dry.  Disconnect  steam  and 
feed-piping  or  blank  off  with  blind  flanges.  Drain  boiler  and 
put  in  pan  of  lime.     Renew  lime  occasionally. 

To  put  boiler  away  wet,  put  in  five  to  10  pounds  of  soda, 
according  to  size  of  boiler,  and  pump  completely  full  of  water. 
Soda-water  will  not  corrode.  F.  D.  El  well. 

Dry  them  out,  close  all  the  valves  and  let  them  stand. 

G.  F.  WiLLARD. 

Empty,  take  out  manhole  and  mud-drum  plates,  and  in 
water-tube  boilers  bottom-tube  caps,  and  keep  boilers  dry. 

W.  P.  Hancock. 

Keep  them  in  working  condition  by  occasional  use  in  actual 
service;  boilers  deteriorate  rapidly  if  idle;  if  used  occasionally 
you  know  they  are  in  good  order  and  ready  to  help  out  in  case 
of  emergency.  H.  Bottomley. 

Unless  feed  water  is  exceedingly  good,  it  is  best  to  steam  the 
boilers  at  least  once  a  month. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Keep  the  boilers  dry  all  the  time. 

Augusta  Ry.  and  Elec.  Co. 
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Fill  the  boilers  with  water  and  put  in  two  or  three  quarts  of 
kerosene;  warm  up  and  then  blow  down  dry.  This  gives  the 
boilers  a  slight  coating  of  oil,  which  protects  them  from  rust,  and 
also  loosens  the  scale.  W.  H.  Mills. 

Dry  them  out  and  place  a  tray  containing  five  pounds  of 
quick-lime  inside  the  boiler;  close  up  the  manhead  and  leave 
water  columns  open  to  g^ve  vent.  J.  D.  Saunders. 

E  20.  Snppoiing  a  boiler  fire  had  been  banked,  and,  bank 
becoming  hot,  pressure  bad  risen;  also  that  safety  valve  had 
stnck  and  pressure  on  a  100-ponnd  boiler  was  fonnd  to  have 
ran  np  to,  say,  176  pounds,  would  the  sudden  opening  of  safety 
valve  be  attended  with  any  disastrous  results? 

It  would  not  be  advisable  to  let  the  safety  valve  open, 
although  it  would  be  hard  to  say  what  the  results  would  be,  as 
the  factor  of  safety  is  generally  taken  at  five.  A  better  way 
would  be  to  cover  the  bank  with  ashes  and  then  in  a  few  minutes 
put  the  pump  on;  this  would  reduce  the  pressure  gradually. 

Geo.  W.  Richardson. 

Better  not  try  this  experiment  unless  you  want  to  risk 
death.  Stop  the  heat  by  covering  or  smothering  the  fire  with 
wet  earth  or  ashes,  opening  the  damper,  and  let  the  boiler  cool 
oflF  slowly.  If  the  chimney  draft  is  strong  then  open  the  damper 
very  little,  as  the  cold  air  is  liable  to  cause  too  sudden  con- 
traction of  tubes,  which  might  result  in  leaks. 

W.  W.  TiTZELL. 

Under  the  condition  assumed  it  would  be  well  not  to  open 
the  valves,  but  rather  to  diminish  the  fire  by  drawing  it  or  cover- 
ing it  with  wet  ashes.  C.  W.  Koiner. 

Such  an  occurrence  would  probably  be  disastrous. 

G.  Wilbur  Hubley. 

It  would  be  liable  to  be  disastrous.  Cover  fire  with  wet 
ashes  and  leave  safety  valve  alone.  Wm.  Wiatte. 


-J 
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Under  the  circumstances  suggested  in  this  question,  tlie 
safety  valve  should  never  be  touched.  A  safe  method  to  let  off 
pressure  would  be  to  bank  the  fire  heavily  with  green  coal  and 
blow  off  very  gently  through  blow-off  pipe. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Possibly.  I  would  suggest  letting  the  steam  out  gradually 
through  some  other  opening. 

Augusta  Ry.  and  Elec.  Co. 

If  there  were  three  gauges  of  water,  the  sudden  opening  of 
the  valve  would  be  liable  to  rupture  the  boiler  by  water-hammer. 

H.  C.  Hall. 

It  sometimes  proves  disastrous;  not  always. 

J.  S.  Robinson. 

It  might  cause  an  explosion.  It  would  be  better  to  cover 
fire  with  ashes  and  let  the  boiler  cool  down.        F.  W.  Bullock. 

E  21.  Operating  three  boilers  loaded  at  peak^  is  it  economy 
to  out  ofF  one  and  biuik  when  load  falls  within  capacity  of  twot 

Certainly.  Geo.  W.  Richardson. 

It  will  depend  upon  how  fast  the  load  falls  after  it  comes 
within  the  capacity  of  the  two  remaining  boilers.  Ordinarily  it 
will  save  fuel  to  keep  the  fire  under  the  extra  boiler  burning  with 
individual  damper  closed  until  furnace  is  cooled  down.  It  is 
also  poor  policy  to  bank  a  fire  when  furnace  is  very  hot,  if  it  can 
be  avoided. 

The  Edison  Elec  Ill'g  Co.  of  West  Chester,  Pa. 

Have  tried  both  ways,  and  find  that  if  you  have  good 
dampers  and  a  number  of  hours  to  run  you  can  save  by  banking. 

Andrew  F.  Hall. 

It  is  better  to  cut  out  one  boiler  when  the  load  drop's  oflF 
to  that  point  where  two  will  do  the  work  without  crowding. 

C.   W.   KOINER. 
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Yes.  G.  Wilbur  Hubley. 

Not  until  the  load  falls  to  a  point  where  the  two  will  handle 
Ihe  load  with  ease.  Wm.  Wiatte. 

Yes;  if  the  two  in  use  are  not  worked  hard  enough  to  throw 
water.  C.  F.  Haywood. 

If  in  a  lighting  plant  and  the  boiler  is  to  remain  idle  for 
16  hours  or  over,  cut  it  out  and  bank  fire.         J.  D.  Saunders. 

Yes.  W.  P.  Hancock. 

Y'es.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

A  few  trials  will  demonstrate  which  is  the  more  economical, 
but  it  usually  pays  to  load  boilers  up  to  the  limit. 

Augusta  Ry.  and  Elec.  Co. 

This  depends  upon  what  is  termed  capacity  of  boiler.  Effi- 
ciency falls  very  fast  when  rate  of  evaporation  falls  below  two 
pounds  per  square  foot  of  heating  surface.         J.  S.  Robinson. 

A  question  of  local  conditions,  quality  of  coal  and  amount  of 
grate  surface.  R.  N.  Kimball. 

E  22.  Has  any  one  tried  the  storage  of  heat  or  steam  in  a 
large  boiler  plant  by  banking  all  the  fires  bnt  one  and  supply- 
ing steam  from  that  one  to  maintain  pressure  in  the  idle  ones, 
and  if  so,  what  were  the  results? 

It  is  unnecessary  to  try  it  as  the  water  in  the  boilers  that  are 
?dle  will  not  keep  as  hot  as  the  temperature  of  the  steam  from 
the  supply  boiler ;  as  there  would  be  no  circulation  of  the  water 
in  the  dead  boilers,  the  dead  ones  would  act  as  condensers  of 
steam  from  the  live  one.  Then,  again,  the  expansion  of  the  top 
half  of  the  boiler  would  be  more  than  that  of  the  bottom.  It  is 
not  so  much  a  desire  to  have  the  pressure  of  a  boiler  at  all  times 
as  it  is  to  have  the  temperature  of  the  brick  setting  up  to  its 
working  temperature.  Geo.  W.  Richardson. 
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In  such  case  the  boilers  with  banked  fires  would  act  as  con- 
densers. W.  W.  TiTZELL. 


Have  found  it  economical  in  the  management  of  battery 
boilers  on  a  light  day  load  to  have  the  fires  lightly  banked  in  such 
a  manner  that  a  boiler  will  make  some  steam  and  pull  the  load 
principally  with  one  boiler  if  it  will  do  it  without  crowding.  Fuel 
can  be  saved  in  all  such  cases  by  this  means,  but  in  no  case  work 
the  boiler  having  the  live  fire  with  a  strong  draft. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

We  tried  this  method  with  the  following  results:  We  bled 
our  steam  heads  back  into  the  boilers  by  means  of  two-inch  pipe. 
This  pipe  goes  into  each  boiler,  with  valve  near  entrance.  The 
valves  on  two  boilers  being  open  and  the  pop  valve  on  idle  boiler 
blowing  off  before  that  of  the  forced  boiler,  we  found  the  water 
nearly  all  lifted  out  of  the  boiler  under  fire  into  boiler  banked. 
After  this  we  decided  not  to  continue  the  experiment. 

A.  Peters. 

Yes,  have  tried  it,  but  have  found  that  it  is  not  economy, 
since  the  steam  required  to  maintain  pressure  in  idle  boilers  is 
wasted.  Wm.  Wiatte. 

Yes ;  I  have  made  several  tests  of  this  and  always  at  a  loss 
of  fuel.  J.  D.  Saunders. 

The  boiler  condenses  the  steam  from  the  others  to  keep  it 
hot  and  requires  the  water  to  be  blown  down  frequently. 

W.  H.  Mills. 

E  23.  Wliat  is  the  principal  cause  of  and  remedy  for  rapid 
deterioration  in  axles  and  wheels  of  grayity-bncket  oontinnons 
coal-and-ash  conveyor  systems? 

The  manufacturer  will  tell  you  not  to  oil  them,  but  ex- 
perience has  proven  that  a  swab  and  a  bucket  of  black  oil  oc- 
casionally will  increase  their  life  50  per  cent  or  more. 

Geo.  W.  Richardson. 
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When  new,  paint  with  three  coats  of  Dixon's  graphite  paint. 
The  metal  must  be  perfectly  clean  before  painting.  All  scales 
of  rust  must  be  removed.  Each  coat  should  be  allowed  to  dry 
before  adding  another.  This  paint  will  resist  sulphuric  and  di- 
luted acid.  W.  W.  TiTZELL. 

Dirt.  W.  P.  Hancock. 

Probably  sulphuric  acid  and  grit. 

Augusta  Ry.  and  Elec.  Co.      • 

Corrosion  due  to  formation  of  sulphuric  acid  from  the 
sulphur  from  coal  and  ashes.  G.  Wilbur  Hubley. 

E  24.  What  is  the  smallest  amonnt  of  grate  surface,  meas- 
ured in  square  feet  per  kilowatt,  required  to  produce  the  amount 
of  steam  demanded  at  the  time  of  the  peak  of  the  load  ? 

The  smallest  amount  of  grate  per  kilowatt  should  be  0.12' 
square  foot.  W.  P.  Hancock. 

This  would  depend  on  the  intensity  of  draft,  as  it  is 
necessary  to  burn  an  increased  amount  of  coal  in  order  to  obtain 
an  increased  amount  of  heat.  The  more  favorable  the  conditions, 
the  less  amount  of  coal  required.  The  question  would  imply  a 
very  uneconomical  use  of  coal  and  it  is  not  advisable  to  experi- 
ment in  this  direction,  either  from  the  standpoint  of  efficiency 
or  repairs  to  boilers,  which  are  necessarily  bad  under  intense 
draft.  H.  T.  Hartman. 

This  question  should  have  included  some  data  giving  type  of 
equipment  of  plant  for  which  answer  is  desired.  The  grade  of  coal 
used  and  the  efficiency  of  boilers,  engines  and  generators,  would 
have  to  be  known  in  order  to  arrive  at  anything  like  an  approximate 
conclusion.  The  amount  of  steam  used  per  kilowatt-hour- would 
have  to  be  found,  after  which  all  would  depend  on  the  efficiency 
of  the  boiler  with  grade  of  coal  used.  Enough  coal  would  have 
to  be  burned  to  evaporate  the  amount  of  steam  required  per  hour, 
and  enough  grate  surface  would  have  to  be  provided  to  burn 
that  amount  of  coal  at  a  rate  not  to  exceed  25  or  30  pounds  of 
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coal  burned  per  square  foot  of  grate  per  hour.  In  connection 
with  the  above  it  may  be  of  interest  to  those  who  have  not  noticed 
the  fact,  that  one  boiler-horse-power  (centennial  standard)  is 
about  the  right  size  for  one  kilowatt  output  with  compound- 
condensing  engines,  and  the  necessary  steam  auxiliary  equip- 
ment, under  average  conditions.  The  grate  area  furnished  with 
a  water-tube  boiler  of  about  500-hp  size  would  be  from  0.16  to 
0.22  square  foot  per  rated  horse-power  of  boiler. 

J.  A.  Maloney. 

E  26.  Are  there  any  furnaces  for  burning  bituminous  coal 
that  are  absolutely  smokeless? 

Yes,  there  are  furnaces  for  burning  bituminous  coal  that 
are  absolutely  smokeless.  A.  Bement. 

With  intelligent  operation  a  number  of  well-known  fur- 
naces on  the  market  should  meet  the  requirements  in  regard 
to  the  absence  of  smoke.  I.  E.  Moultrop. 

The  Murphy  or  Roney  stokers  will  burn  coking  bituminous 
coal  continuously  without  making  smoke.  The  Babcock  and 
Wilcox  chain  grate  will  bum  free-burning  coal  continuously 
without  smoke.  The  cleaning  of  the  Murphy  or  Roney  stokers 
has  to  be  done  carefully  if  this  result  is  to  be  obtained.  The 
Babcock  and  Wilcox  chain  grate  is  (with  most  fuels)  self- 
cleaning.  The  result  will  be  more  certain  if  the  boilers  are 
raised  two  feet  or  thirty  inches  higher  above  the  furnace  than  is 
customary;  the  effect  of  this  being  to  give  a  larger  combustion 
chamber:  A  "Dutch  oven"  hand-fired  furnace  in  which  the 
arch  extends  over  the  entire  length  of  the  grates  can  be, opera  ted 
smokelessly  under  a  reasonably  steady  load  if  it  is  equipped 
with  sectional  grates  that  can  be  shaken  and  cleaned  a  small 
part  at  a  time.  No  furnace  whatever  can  be  operated  abso- 
lutely without  smoke  if  (a)  the  load  is  subject  to  great  varia- 
tion; or  (b)  if  in  order  to  clean  fires  the  furnace  must  be  cooled. 

The  Edison  Ill'g  Co.  of  Detroit. 

There  is  more  or  less  smoke  with  all  forms  of  furnaces  for 
burning  bituminous  coal.  H.  T.  Hartman. 
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None  that  I  know  of  that  are  commercially  possible.  A 
good  under-feed  stoker  will  give  almost  no  smoke.  Also,  a 
hand-fired  boiler  with  fire-brick  arch  will  give  very  little  smcrfce 
if  the  fireman  keeps  his  fire  thin  and  well  spread,  and  uses  the 
one-shovel  method  of  firing.  A.  Balsley. 

E  26.  In  a  central  station  having  an  annual  ontpnt  of  about 
2,000,000  kilowatt-honrs,  what  figure  would  represent  good  prac- 
tice in  boiler-room  labor  per  kilowatt-hour,  coal  and  ashes  being 
handled  by  hand? 

Two-tenths  cent  per  kilowatt-hour  is  a  fair  figure  for  boiler- 
room  labor  for  non-condensing  stations  having  an  annual  out- 
put ranging  from  1,500,000  to  2,500,000  kilowatt-hours.  This 
is  an  average  of  several  plants  that  were  operated  in  Chicago 
some  few  years  ago,  burning  No.   i   Illinois  nut. 

A.  L.  Landsberg. 

From  0.15  to  0.18  cent  per  kilowatt-hour. 

H.  T.  Hartman. 

Type  of  boiler  equipment  and  load  factor  have  so  much  to 
do  with  central-station  costs  per  kilowatt-hour  that  it  is  hard 
to  give  exact  data  without  this  information.  With  average 
equipment  and  the  ordinary  load  factors  the  costs  will  be  close 
to  two  mills  per  kilowatt-hour. 

The  Philadelphia  Et.lc.  Co. 

One-tenth  of  a  cent.  Fred  B.  Sharpe. 

E  27.  Is  there  any  efficient  apparatus  on  the  market  for 
directly  determining  the  percentage  of  CO,  in  the  waste  gases 
passing  from  the  boiler? 

The  econometer,  gas  composimeter,  dasymeter,  Ados  ap- 
paratus— are  all  automatic  and  continuously-indicating  instru- 
ments. The  chemical  econometer  and  Orsat  apparatus  are  sim- 
ple chemical  instruments,  but  require  personal  manipulation.  All 
of  these  devices  are  good  and  efficient.  The  Orsat  apparatus  is 
much  the  lowest  in  cost  and  is  to  be  recommended  in  the  very 
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large  majority  of  cases,  because  the  other  instruments  require  a 
little  care  and  attention,  and  in  a  plant  where  condition  of  com- 
bustion and  furnace  performance  has  only  occasional  attention, 
ihey  suffer  neglect  and  so  get  out  of  proper  condition — ^through 
no  fault  of  the  instnunent,  but  owing  to  neglect.  It  is  less  ex- 
pensive to  let  a  $25  instrument  go  to  the  scrap  heap  than  one 
costing  $150  to  $300.  A.  Bement. 

The  Orsat  apparatus  will  determine  the  amount  of  COj 
in  the  flue  gas  within  one-tenth  of  one  per  cent. 

Sam'l  Kahn. 

There  is  a  device  for  directly  determining  the  amount  of 
CO,  in  the  flue  gases  of  a  boiler.  H.  S.  Russell. 

The  Orsat  gas-analysis  outfit.  W.  P.  Hancock. 

E  28.  What  is  proper  mixture  for  filling  fusible  plugs  in 
boilers  carrying  110  pounds  steam  t  Plugs  are  protection  against 
low  water. 

Some  machinists  use  pure  tin.  Fred  H.  Beck. 

Pure  Banca  tin.  E.  W.  Furbush. 

E  29.  Does  a  clean,  smokeless  chimney  in  itself  possess  a 
money  ralne  through  its  efFect  on  the  community  t  In  other 
words,  does  it  represent  a  ralue  other  than  possible  saving  of 
fuel  to  the  owner  t 

A  smokeless  chimney  has  a  money  value  if  it  is  a  part  of 
a  system  that  expresses  the  same  thought  of  care  and  cleanli- 
ness throughout.  Augusta  Ry.  and  Elec.  Co. 

It  is  possible  that  it  may  have  a  "nuisance  value,"  but  it 
would  naturally  be  difficult  to  determine. 

H.  T.  Hartman. 

In  addition  to  the  possible  saving  of  fuel,  a  smokeless  chim- 
ney would  efFect  a  great  saving  in  painting  bills.    The  buildings 
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in  the  immediate  vicinity  of  one  of  these  smoky  chimneys  have  to 
be  painted  about  once  in  two  years,  or  three  years  at  the  most, 
and  even  then  they  never  look  to  their  best  advantage.  We  also 
find  considerable  difficulty  from  having  the  smoke  and  soot  de- 
posited on  the  limestone  trimmings  of  our  buildings.  This,  of 
course,  produces  a  discoloration  that  is  more  or  less  permanent. 
There  is  undoubtedly  a  saving  of  fuel  in  the  majority  of  cases, 
but  the  money  invested  to  effect  that  saving  is  so  great  that  it  is 
very  difficult  to  prove,  even  taking  into  account  the  painting  bills, 
that  it  is  a  good  investment  for  the  owner.         Walter  Flint. 

F 

FORCED  DRAFT,  BLOWERS  AND  STACKS 

F  1.  Which  is  the  more  eoonomioal  system — ^forced  or 
induced  draft?    Why? 

Forced  draft,  for  the  following  reasons:  Less  power  to 
operate,  because  of  smaller  volume  of  gas ;  less  maintenance  and 
depreciation,  because  gases  are  cool  and  free  from  sulphur  com- 
pounds ;  less  leakage  in  boiler  settings,  because  of  less  difference 
of  air  pressure  between  gas  passages  in  boiler  and  atmosphere, 
with  a  given  difference  of  pressure  below  and  above  the  grate. 

J.  S.  Avery. 

There  is  more  economy  in  induced  draft  than  in  forced, 
because  of  the  fact  that  in  the  latter  there  is  always  a  tendency, 
unless  with  imder-feed  stokers,  to  blow  holes  in  the  fire,  resulting 
in  uneven  combustion.  Other  factors  that  would  enter  into  the 
question  of  preference  more  strongly  than  economy  are  adapta- 
bility, maintenance  and  cost  of  installation.  E.  E.  Lee. 

It  depends  upon  circumstances.  Induced  draft  requires  no 
power,  but  considerable  investment  in  a  good  chimney. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Forced  draft — air  delivered  under  the  grate  bars  at  a  pressure 
from  one  inch  to  one  and  one-half  inches  of  water.  Induced  draft 
takes  away  a  portion  of  air  from  above  the  fire,  which  is  needed 
for  complete  combustion  of  the  gases.    Air  under  the  grates  pro- 
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tects  them  and  tends  to  dissolve  the  clinkers.  We  have  taken  coal 
that  formed  bad  clinkers  under  natural  draft,  but  with  a  press- 
ure of  air  (one  inch  of  water)  in  the  ash  pit,  the  same  coal 
was  burned  without  forming  any  clinkers  whatever. 

W.  W.  TiTZELL. 

Forced  draft.  G.  Wilbur  Hubley. 

The  Denver  Gas  and  Electric  Company  has  been  using 
forced  draft  with  great  success,  thinking  it  better  than  induced. 

C.  F.  Haywood. 

Forced  draft.  The  air  becomes  heated  before  passing 
through  the  coal.  G.  F.  Willard. 

This  depends  entirely  on  local  conditions.  For  an  old  plant, 
forced;  usually  induced  draft  for  new  plant.  Partly  because 
the  induced  draft  does  away  with  the  necessity  for  a  stack. 

Augusta  Ry.  and  Elec.  Co. 

Under  forced  draft  air  is  forced  through  the  fire,  the  press- 
ure above  the  atmosphere  being  maintained  either  in  the  closed 
ash-pit  or  in  the  closed  fire-room;  the  latter  arrangement  is 
practical  only  in  marine  service. 

Under  the  induced  or  suction  method  the  products  of  com- 
bustion are  exhausted  from  the  furnace,  a  partial  vacuum  is 
produced  therein  and  air  thereby  caused  to  flow  through  the 
fuel.  Both  systems,  however,  operate  to  produce  a  pressure 
difference  between  the  ash-pit  and  the  combustion  chamber, 
and,  other  things  being  equal,  there  is  no  conclusive  evidence 
that  one  method  is  superior  to  the  other;  the  one  to  be  adopted 
must  depend  upon  conditions,  and  the  advantages  as  compared 
with  chimney  draft  are  common  to  either. 

C.  C.  Gartland. 

F  Si.  How  mnoh  can  the  capacity  of  a  battery  of  boilers 
be  increased  by  the  use  of  indnced  draft  or  forced  draft? 

Fifty  to  100  per  cent,  but  it  is  not  to  be  considered  as  a 
regular  thing  for  economical  ooeration.  A.  E.  Walden. 
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About  100  per  cent  by  forced  draft. 

G.  Wilbur  Hubley. 

About  25  per  cent.  Augusta  Ry.  and  Elec.  Co. 

F  3.  Is  there  an  actual  gain  in  using  forced  or  induced 
draft  over  natural  draft,  with  grate  and  heating  surface  properly 
proportioned  for  forced  draft? 

Have  never  found  any  advantage  in  forced  draft. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Yes;  it  permits  of  burning  far  more  coal  per  square  foot 
of  grate  and,  to  that  extent,  of  overloading  boiler. 

Augusta  Ry.  and  Elec.  Co. 

Yes.  W.  W.  Titzell. 

Yes.  A.  E.  Walden. 

No,  it  is  not  economical.  G.  Wilbur  Hubley. 

In  some  particular  cases,  there  is  actual  and  positive  gain 
in  the  use  of  forced  as  compared  with  induced  draft  by  either 
fan  or  chimney.  For  example :  with  a  stoker,  suction  draft  may 
be  so  strong  as  to  cause  such  an  inflow  of  air  through  the  coal 
in  the  hopper  as  to  prevent  its  igniting,  but  with  air  forced 
under  the  grate,  a  much  higher  pressure  may  be  used  than  is 
possible  with  suction  draft.  A.  Bement. 

F  4.  Is  mechanical  draft  desirable  for  one  60-inch  by  16-foot 
fire-tnbe  boiler,  worked  intermittently? 

It  would  not  be  advisable  to  use  mechanical  draft  under 
the  condition  stated.  C.  W.  Koiner. 

Would  not  consider  mechanical  draft  under  such  conditions. 
The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 
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No,  excepting  when  the  wind  is  not  in  the  right  direction 
or  you  happen  to  get  an  extra  bad  grade  of  coal. 

Geo.  W.  Richardson. 

No.  G.  Wilbur  Hubley. 

No.  Augusta  Ry.  and  Elec.  Co. 

F  5.  Which  is  the  better  practice  in  a  station  of  600  horse- 
power— to  use  forced  draft  and  economizers,  or  to  have  a  g^ood 
ehininey? 

"     Good  chimney  desirable.  G.  Wilbur  Hubley. 

Can  see  no  objection  to  good  chimney  draft  with  econo- 
mizers. Forced  draft  is  not  an  economical  process  of  burning 
fuel.  W.  B.  Roland. 

Should  prefer  chimney. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

For  a  plant  of  this  size  natural  draft  with  economizers 
would  be  a  very  economical  arrangement. 

C.   W.    KOINER. 

A  good  chimney,  if  the  price  of  material  and  labor  is  not 
too  high  for  installation.  Geo.  W.  Rich.\rdson. 

To  use  forced  draft  judiciously;  but  it  is  harder  on  the 
boilers  than  when  operated  by  natural  draft.  The  best  way  is 
to  have  ample  boiler  capacity  so  that  0.75  inch  of  water  with 
fan  under  grates  would  be  sufficient.  W.  W.  Titzell. 

A  good  chimney  can  always  be  relied  upon,  unless  the 
conditions  are  unusual ;  and  it  is  to  be  preferred  to  forced  draft 
in  a  station  of  the  size  named  in  the  question.  Economizers 
may  be  used  in  connection  with  the  chimney  if  the  boilers  do 
not  have  sufficient  heating  surface  to  reduce  the  gases  to  the 
lowest  temperature  compatible  with  good  draft. 

DuGALD  C.  Jackson. 

V.  2    6 
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Have  a  good  chimney.  (Unsigned.) 

The  best  practice  in  the  majority  of  cases  is  to  let  nature 
do  the  work  with  the  aid  of  a  good  chimney.  In  the  design 
of  power  installations,  the  merits  of  the  various  systems  of 
mechanical  draft  should  be  figured  out  with  reference  to  the 
existing  conditions  and  the  following  points  brought  into  con- 
sideration : 

(i)  The  gain  due  to  lowering  the  temperature  of  the  flue 
gases. 

(2)  The  gain  due  to  the  use  of  an  economizer. 

(3)  The  theoretical  gain  of  forced  draft  effected  by  the 
use  of  a  less  quantity  of  air  per  pound  of  fuel  consumed  and. 
consequently  less  heat  wasted  in  raising  the  temperature  of  that 
air. 

(4)  The  quantity  of  fuel  required  to  be  burned  in  a  given 
time  and  the  total  amount  of  air  needed  for  complete  com- 
bustion. 

(5)  The  fact  that  natural  draft  will  not  easily  burn  more 
than  25  pounds  of  average  coal  per  square  foot  of  grate. 

(6)  That  an  economizer,  as  usually  designed,  diminishes 
the  draft  by  about  30  per  cent. 

The  simplest  comparison  that  can  be  made,  is  to  add  together 
the  interest  on  the  first  cost,  including  the  housing,  ground 
rent,  coal  and  attendance,  and  divide  this  sum  by  the  pounds 
of  water  evaporated.  Keep  in  mind  the  respective  durability 
of  the  different  types  of  plant.  Wm.  McDonald. 

With  a  large  steady  load  and  intelligent  care  the  forced 
draft  and  economizer,  or  induced  draft  and  economizer,  would 
be  better.  Augusta  Ry.  and  Elec.  Co. 

In  a  station  of  500  horse-power,  we  think  it  better  engi- 
neering practice  to  have  a  good  chimney  than  to  use  forced 
draft  and  economizers.  E.  F.  McCabe. 

Forced  draft  and  economizer.  H.  C.  Hall. 

Forced  draft  and  economizers  would  be  more  efficient  in 
operation.      An    estimate    of    economy    includes,    however,    the 
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factor  of  fixed  expense,  excess  of  which  with  forced  draft  and 
economizer  may  be  greater  than  saving  in  efficiency  gained 
by  their  use,  especially  where  we  can  economize  on  only  a 
fraction  of  the  load  provided  for.  I.  S.  Robinson. 

F  6.  Has  any  one  tried  an  all-concrete  stack,  or  a  concrete 
stack  base  with  smoke  fine  entering  the  concrete,  without  having 
same  lined  with  fire-brick?    If  so,  what  has  been  the  result f 

If  stack  base  is  made  of  good  cinder  concrete,  there  should 
be  no  trouble  if  not  lined  with  fire-brick. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester^  Pa. 

Experience  of  others  has  shown  it  to  be  successful. 

G.  Wilbur  Hubley. 

* 

We  have  had  an  all-concrete  smoke  tunnel  and  stack  base 
in  use  over  six  months  with  very  satisfactory  results. 

P.  H.  KORST. 

In  a  recent  article  in  Cement  Age,  written  by  a  German 
engineer,  he  brought  out  the  fact  that  hot  gases  had  a  deterior- 
ating and  disintegrating  eflfect  on  concrete.  If  this  be  true  an 
all-concrete  stack  would  not  be  much  of  a  success,  unless  it 
were  lined.  E.  F.  McCabe. 

F  7.  What  is  the  minimum  allowable  height  for  the  lining 
of  self-supporting  steel  stacks? 

Chicago,  111.,  ordinance  calls  for  a  brick  lining  not  under 
38  feet  in  height.  Geo.  W.  Richardson. 

'       One-third  of  height.  G.  Wilbur  Hubley. 

We  have  a  stack  of  the  self-supporting  type,  100  feet  high, 
that  has  been  in  use  for  a  number  of  years,  that  never  had  a 
lining  in  it,  and  I  have  used  others  that  were  operated  under 
the  same  conditions  and  never  gave  the  least  bit  of  trouble. 

G.  B.  Leland. 
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The  minimum  height  of  the  fire-brick  lining  should  be  at 
the  point  where  the  action  of  the  hot  gases  will  cease  to  aflfect 
detrimentally  the  shell  of  the  chimney. 

Example:    Assuming  the  following  data: 
Chimney  height  =150  feet. 

Temperature  =  400  degrees  Fahrenheit. 

Atmosphere  temperature  ^=    60  degrees  Fahrenheit. 

Temperature  that  may  be  used  next 
to  chimney  plates  =150  degrees  Fahrenheit. 

The  height  of  fire-brick  lining  may  be  calculated  as  follows : 
Maximum   difference   in   tempera- 
ture between  flue  and  atmosphere  =  400  degrees  —  60  degrees. 

=  340  degrees  Fahrenheit. 
Degrees  that  temperature  is  low- 
ered per  foot  rise  of  chimney      =  340  degrees -f- 150  feet 

=  2.23  degrees  Fahrenheit. 
DiflFerence  in  temperature  between 
flue  and  the  exposed  portion  of 
inside  shell  at  the  point  where 

the  fire-brick  lining  terminates      :=  400  degrees —  150  degrees 

=  250  degrees  Fahrenheit. 
Then  250  degrees  ~f-  2.23  degrees  gives   112   feet  as  the 
height  of  fire-brick  for  this  particular  case. 

Wm.  McDonald. 

F  8.  What  is  the  value  of  mechanioal-draft  apparatus  as 
an  auxiliary  means  for  producing  excess  boiler  capacity  during 
peak  of  the  load? 

About  25  per  cent  of  full  load. 

Augusta  Ry.  and  Elec.  Co. 

For  obtaining  extra  boiler  capacity  during  peak  loads,  or  in 
case  of  emergency,  steam  blowers  applied  to  each  boiler  are  simply 
invaluable,  especially  in  view  of  their  low  first  cost,  small  amount 
of  space  required,  and  simplicity  of  operation.  The  question 
whether  the  expense  of  a  mechanical  draft  plant  would  be  war- 
ranted would  depend  on  each  individual  case. 

H.  T.  Hartman. 
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Auxiliary  mechanical  draft  versus  additional  boiler  equip- 
ment may  be  warranted  if  the  peak  is  of  very  short  duration. 
The  vital  point  to  consider  in  this  connection  is  the  margin  of 
extra  capacity  needed  to  insure  absolute  reliability  of  service. 

Auxiliary  mechanical  draft  versus  additional  stack  invest- 
ment is  a  more  common  phase  of  the  question,  and  if  installed 
would  ordinarily  be  used  and  controlled  the  same  as  natural 
draft.  The  Philadelphia  Elec.  Co. 

Good,  if  you  baffle  boiler  and  install  damper  regulator. 

Fred  B.  Sharpe. 
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PIPING,  CONDENSERS,  ETC 

0  1.  What  is  the  best  gasket  material  for  steam  headers 
carrying  superheated  steam  at  175  pounds  pressnref 

Corrugated  copper  discs.  Geo.  W.  Richardson. 

1  have  found  that  sheet  asbestos  treated  with  cylinder  oil 
and  graphite  gives  good  satisfaction.  J.  D.  Saunders. 

The  McKim  gasket.  This  gasket  is  made  into  a  copper 
ling  with  a  core  of  rubber  or  asbestos.  C.  W.  Koiner. 

Asbestos  board  saturated  with  boiled  linseed  oil  and  rubbed 
over  on  both  sides  with  Dixon's  flake  graphite.  Such  joints  are 
everlasting;  we  have  never  known  one  to  blow  out. 

W.   W.   TiTZELL. 

Asbestos.  Wm.  Wiatte. 

This  is  largely  a  matter  of  opinion.  Continental  practice, 
with  long  experience  with  high-pressure  superheated  steam,  has 
proven  copper  under  certain  conditions  to  be  unsatisfactory  on 
account  of  the  high  temperature,  and  pure  asbestos — also  pre- 
viously much  used — is  blown  out  by  the  high  pressure.  For  these 
reasons  corrugated  copper  or  wire  gauze  imbedded  in  asbeistos  or 
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graphite  has  been  used  extensively.  Soft  iron  or  steel  gaskets, 
also  iron-to-iron  joints,  are  used;  the  latter  are  commonly  used 
in  the  prominent  plants  of  New  York.  Franz  Koester. 

I  have  found  annealed,  corrugated-copper  gaskets  to  give 
best  results ;  but  care  is  necessary  in  having  all  jointing  surfaces 
match  verv  fairlv  and  be  rather  smooth.  There  are  also  two  or 
three  soft  sheet  packings,  having  a  large  percentage  of  very  fine 
iron  dust  in  their  composition,  which  do  well  under  the  conditions 
referred  to  in  the  inquiry,  but  the  sheet  must  be  very  thin,  the 
joint  surfaces  rather  rough,  and  the  joints  followed  up  carefully 
two  or  three  times  during  the  first  day  or  so  after  heating  up. 
These  joints  are  hard  to  break  and  clean  after  having  become 
rusted  in,  whereas  the  corrugated  gaskets  are  easily  removable 
and  if  carefully  cleaned  and  reannealed  can  be  used  again. 

C.  F.  Hewitt. 

Corrugated-copper  gaskets.  R.  N.  Kimball. 

A  metallic  gasket  that  is  reasonably  soft  and  does  not 
quickly  crystallize  should  give  good  results. 

I.   E.   MOULTROP. 

Asbestos  sheet  is  being  used  successfully  on  steam  pipes 
up  to  18-inch  diameter,  160  pounds  pressure,  150  degrees  super- 
heat, where  the  various  corrugated-metal  gaskets  failed,  owing 
to  flanges  being  slightly  sprung.  J.  T.  Cowling. 

0  2.  What  kind  of  gaskets  are  the  best  to  nse  under  the 
bonnets  of  8-incli  to  16-inch  steam  valyes,  operating  under  180 
pounds  pressure,  with  150  degrees  superheat? 

Gaskets  cut  from  12  or  ib-ounce  copper,  just  large  enough 
to  lay  inside  the  studs,  well  annealed  and  painted  with  graphite 
paint,  will  make  a  satisfactory  joint  if  the  bonnets  are  properly 
proportioned. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

The  McKim  gasket.  C.  W.  Koiner. 
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See  answer  to  G  i.  Franz  Koester. 

See  answer  to  G  i.  C.  F.  Hewitt. 

See  answer  to  question  G  i.  I.  E.  Moultrop. 

0  3.  What  has  been  found  to  give  best  results  for  making 
and  keeping  flange  joints  tight  on  steam  pipes  with  a  pressure  of 
150  pounds  or  more,  with  saturated  or  superheated  steam? 

See  answer  to  G  i.  C.  F.  Hewitt. 

The  McKim  gasket.  C.  W.  Koiner. 

Gaskets  cut  from  i6-ounce  copper,  well  annealed  and  painted 
with  graphite  paint,  just  large  enough  to  lay  inside  the  bolts,  will 
make  a  permanent  joint  in  any  flange  that  has  been  properly 
faced,  if  the  flange  is  heavy  enough  and  provided  with  sufficient 
bolts.        The  Edison  Elec.  Ili/g  Co.  of  West  Chester.  Pa. 

Rainbow  packing  is  satisfactory.         G.  Wilbur  Hubley. 

Same  as  G  i.  We  have  used  these  joints  in  our  practice 
since  1883,  and  never  had  one  fail.  W.  W.  Titzell. 

Copper  gaskets  properly  made  up  with  a  red-lead  paste,  and 
care  taken  to  see  that  the  flanges  were  faced  and  lined  up  so 
that  they  would  come  together  without  putting  a  strain  on  the 
flange.  G.  B.  Leland. 

See  answer  to  G  i.  Franz  Koester. 

Cut  a  gasket  from  one-sixteenth-inch  asbestos  sheet,  soak  in 
water,  place  between  the  flanges  and  draw  up  tight. 

David  W.  Ream  an. 

With  satuated  steam  under  the  conditions  given,  corrugated- 
copper  gaskets  will  give  good  results.  Under  superheated  gt^am 
a  properly  made  ground  joint  should  give  satisfaction. 

I.  E.  Moultrop. 
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Ebonite  sheet  packing.  Under  our  conditions  steam  is  occa- 
sionally shut  off  the  header,  and  copper  gaskets  leak.  We  have 
never  had  trouble  with  saturated  steam  at  150  pounds  packed  with 
ebonite.  R.  N.  Kimball. 

0  4.  What  are  the  advantages  and  disadvantages  of  using 
globe  valves  with  metal  discs  and  seats  on  a  steam  main  from 
6  to  12  inches  in  size;  steam  pressure  150  pounds,  with  100 
degrees  or  more  superheat? 

The  metal  disc  of  a  globe  valve  from  six  to  12  inches  for 
100  degrees  superheat  (pressure  may  be  ignored)  may  be  durably 
made  of  a  bronze  alloy.  On  the  continent  of  Europe,  where  for 
some  time  300  degrees  and  more  of  superheat  have  been  used, 
the  entire  valve,  including  the  disc  and  stuffing-box  coming  into 
direct  contact  with  the  steam,  is  constructed  of  cast-iron  or  special 
steel.  Franz  Koester. 

Q  5.  What  is  your  opinion  of  the  use  of  spiral-riveted,  gal- 
vanized pipe  for  exhaust  between  engine  and  condenser? 

Too  many  chances  for  punctures  and  leaks  when  running 
en  high  vacuum.  Geo.  W.  Richardson. 

Not  suitable.  Liable  to  leak,  and  not  good  enough  from  a 
mechanical  point  of  view.  C.  W.  Koiner. 

Would  recommend  cast-iron  pipe  between  engine  and  con- 
densers and  spiral-riveted  galvanized-iron  pipe  for  atmospheric 
exhaust.  G.  Wilbur  Hubley. 

It  is  too  uncertain,  too  light,  liable  to  leak.  This  pipe  should 
be  more  substantial.  The  only  reason  for  using  this  pipe  is  to 
reduce  cost,  but  at  the  risk  of  considerable  loss. 

W.    W.    TiTZELL. 

It  will  work  all  right  and  will  be  much  cheaper  than  cast- 
iron.  G.  B.  Leland. 

My  experience  has  been  that  the  use  of  spiral-riveted  pipe 
for  the  purpose  mentioned  is  very  objectionable  on  account  of 
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the  tendency  to  air  leakage  caused  by  the  solder  at  the  seams 
rotting,  apparently  caused  by  the  action  of  the  oil  in  the  exhaust 
steam.  C.  F.  Hewitt. 


It  should  not  be  used.  H.  Bottomley. 

We  have  found  short  sections  of  spiral-riveted  pipe  satis- 
factory. Augusta  Ry.  and  Elec.  Co. 

Spiral-riveted  galvanized  pipe  joints  would  not  be  the  proper 
material  for  use  under  vacuum.  It  would  be  a  very  difficult 
matter  to  stop  air  leaks  should  they  occur. 

I.  E.  Moultrop. 

0  6.  Has  any  trouble  been  experienced,  from  eleotrolysif  or 
otherwise,  in  the  use  of  iron  fittings  in  connection  with  brass 
pipe  for  boiler-feed  lines? 

Cast-iron  elbows  are  very  satisfactory  for  this  purpose. 
Brass  and  malleable  iron  are  not  so  good  on  account  of  galvanic 
action.  W.  W.  Titzell. 

In  our  experience  iron  fittings  in  brass  hot-water  boiler- 
feed  lines  pit  out  and  are  unsafe.  The  object  of  the  brass  pipe 
being  to  seciu'e  reliability  in  this  important  line  the  extra  expense 
of  brass  fittings  is  certainly  warranted  by  the  results. 

The  Philadelphia  Elec.  Co. 

0  7.  A  prominent  boiler  insurance  company  advocates  plac- 
ing the  check  valve  before  the  stop  valve  in  the  boiler-feed  con- 
nection to  main  water  line.  Would  it  not  be  better  practice  to 
reverse  this  arrangement? 

No  matter  what  he  advocates,  the  proper  place  for  the  stop 
valve  is  nearest  the  boiler.  Geo.  W.  Richardson. 

Stop  valve  should  be  next  to  the  boiler  to  permit  taking 
check  valve  apart  for  cleaning  or  repairs.  C.  W.  Koiner. 
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Have  operated  boilers  a  number  of  years  with  checks  before 
stop  on  some  boilers  and  back  of  stop  on  others,  and  can  see  no 
reason  to  favor  either  method,  as  one  works  as  well  as  the  other. 
The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Place  valve  next  to  boiler,  then  check  outside  this.  If  any  ref- 
use should  get  under  check  you  can  close  boiler  off  and  remove 
it ;  if  check  is  placed  next  to  boiler  you  can  not  do  this. 

A.  Peters. 

Check  valve  should  be  between  stop  valve  and  boiler. 

G.  Wilbur  Hubley. 

This  should  never  be  done,  for  the  reason  that  if  anything 
happens  to  the  check  it  could  not  be  shut  off  and  repaired  with- 
out blowing  off  the  boiler.  The  United  States  inspectors  would 
not  permit  this ;  the  valve  should  be  reversed,  i.  e.,  the  stop  valve 
next  to  the  boiler.  W.  W.  Titzell. 

Think  the  boiler  insurance  company's  idea  is  right  in  regard 
to  placing  the  check  valve  before  the  stop  valve. 

O.  H.  Young. 

A  check  valve  should  be  placed  between  boiler  and  stop 
valve ;  the  check  should  also  be  a  stop  valve. 

The  Colorado  Springs  Elec.  Co. 

Use  one  before  and  after  so  as  to  be  able  at  any  time  to 
examine  check  valve.  G.  H.  Cushman. 

Yes.  G.  F.  Willard. 

No;  because  if  the  check  should  get  hung  up  or  become 
clogged  it  could  not  be  inspected  without  a  stop  valve  between 
it  and  the  boiler.  In  practice  I  should  prefer  having  a  stop  valve 
on  each  side  of  the  check,  as  I  have  often  found  checks  clogged 
with  plunger  packing  from  the  pump ;  by  having  the  valves  placed 
in  this  manner  it  would  be  necessary  only  to  shut  off  the  feed  of 
one  boiler  while  the  check  is  being  fixed.  J.  D.  Saunders. 
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Place  a  stop  valve  on  each  side  of  the  check ;  keep  the  one 
on  the  boiler  side  wide  open  and  use  the  other  to  regulate  the 
water  flow.  H.  Bottomley. 

We  use  stop  valve  on  each  side  of  our  check  valve. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

The  check  valve  needs  attention  more  often  than  the  valve, 
so  the  proper  place  for  the  valve  is  next  to  the  boiler,  then  the 
check  valve.  <  W.  H.  Mills. 

Better  practice  is  to  place  stop  valve  between  check  valve 
and  boiler.  H.  C.  Hall. 

0  8.  Is  it  as  necessary  to  drip  steam  mains  carrying  super- 
heated steam  as  those  carrying  saturated  steam? 

All  steam  mains  should  be  provided  with  means  for  draining 
oft  the  water  of  condensation.  C.  W.  Koiner. 

By  all  means  provide  for  drips. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Would  advise  careful  draining  of  steam  mains  under  all 
conditions  of  steam  temperatures,  as  the  mechanical  entrainment 
of  water  is  about  as  likely  to  occur  in  superheated  steam  as  in 
steam  moderately  saturated.  C.  F.  Hewitt. 

Yes,  always.  W.  W.  Titzell. 

Yes.  G.  F.  WiLLARD. 

No.  J.   F.   DOSTAL. 

On  the  continent  of  Europe  modern  practice  tends  to  elimi- 
nate all  drips  and  water-catchers  in  front  of  the  engine  by 
increasing  the  degree  of  superheat.  This,  of  course,  applies  only 
to  the  highest  degrees  of  superheat — 300  degrees  or  more. 

In  this  country,  as  well  as  in  England,  where  the  use  of 
superheated  steam  is  not  very  common  and  where,  when  it  is 
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used,  the  degree  of  superheat  is  only  about  150  at  the  boiler,  it 
would  be  advisable  to  supply  the  steam  mam  with  at  least  one 
reliable  water-catcher  close  to  the  throttle.  It  may  be  interesting 
to  note  here  that  the  drop  in  temperature  of  steam  is  from  one 
to  four  degrees  per  foot  of  bare  pipe,  depending,  of  course,  upon 
the  diameter  of  the  main  and  the  velocity  of  the  steam. 

Franz  Koester. 

Yes,  because  when  no  steam  is  flowing  condensation  will 
ensue.  W.  P.  Hancock. 

It  is  very  desirable  to  install  a  drip  system  on  a  superheated 
steam  plant.  In  warming  up  the  pip^  there  is  a  good  deal  of 
condensation  to  be  taken  care  of  and  cases  have  been  known 
where  water  has  been  carried  through  the  superheater  and  into 
the  pipe.  I.  E.  Moultrop. 

Yes.  H.  Bottom  LEY. 

It  is  customary  to  drip  mains  carrying  superheated  steam. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

0  9.  Modem  practice  tends  toward  the  use  of  smaller  steam 
lines.    What  velocity  of  steam  should  be  used  in  designing  same! 

Six  thousand  feet  per  minute. 

Geo.  W.  Richardson. 

About  6000  feet  per  minute.  A.  Peters. 

In  Germany,  where  small  pipes  originated,  due  to  the  exten- 
sive use  of  superheat,  velocities  as  high  as  two  miles  per  minute 
are  employed,  while  in  this  country  velocities  are  in  the  neighbor- 
hood of  one  mile  per  minute.  Franz  Koester. 

The  velocity  of  steam  may  be  figured  at  6000  feet  per  minute. 

Sam'l  Kahn. 

Six  thousand  to  7000  feet  per  minute  under  normal  operat- 
ing conditions.  I.  E.  Moultrop. 
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Six  thousand  feet  is  good  practice.  H.  Bottomley. 

0  10.  (a)  What  formulas  shonld  be  used  for  diameters  of 
steam  pipes  in  a  large  electric-power  plant  using  steam  at  160 
pounds  pressure?  (b)  What  drop  in  steam  pressure  would  yon 
allow  in  a  run  of  100  feet?  (0)  What  rule  would  you  use  for 
proportioning  the  exhaust  pipe  leading  to  the  condenser,  the 
distance  being  50  feet? 


Steam  lines 


=  D  ^- 


s  X  r.  p.  m. 


36000 
Exhaust  lines 


=  D  -J- 


s  X  r.  p.  m. 
24000 


d  =  internal  diameter  of  steam  pipe  in  inches. 

D  =  diameter  engine  bore  in  inches. 

s  =  stroke  of  piston  in  inches, 
r.p.m.  =:  revolutions  per  minute. 
Nine  or  10  pounds  drop.  W.  B.  Roland. 

Steam  at  160  pounds  gauge  equals  175  pounds  absolute,  and 
the  volume  of  a  pound  of  steam  at  this  pressure  equals  2.562 
cubic  feet. 

Suppose,  for  example,  it  is  required  to  find  the  diameter  of 
a  steam  main  that  is  to  convey  12,000  pounds  of  steam  per 
hour,  at  160  pounds  gauge  or  175  pounds  absolute,  assuming  the 
velocity  of  steam  is  not  to  exceed  6000  feet  per  minute.  The 
volume  discharged  per  minute  is   12,000  x  2.562  cubic  feet  and 

60 
the  required  area  of  the  pipe  is  12,000  x  2.562  square  feet  = 

6000  X  60 
12,000  X  2.562  X  144=  12.9   square   inches   or   the   minimum 

6000  X  60 
diameter  is  four  inches. 

The  diameter  to  be  adopted  is  always  something  above  the 
minimum;  probably  in  this  case  five  or  six  inches,  depending 
upon  the  length  and  bends.  Geo.  W.  Richardson. 
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0  11.  What  has  been  the  experience  with  painting  in  dif- 
ferent colors,  and  stenciling  near  valves,  steam,  water  and  other 
pipes,  as  in  marine  practice,  especially  as  for  guidance  of  the 
men  and  increasing  the  reliability  of  plant? 

Certain  parts  of  the  installation  should  have  valves  labeled 
in  some  way  so  that  there  would  be  no  confusion  in  the  operating 
by  training  green  men.  The  pipe  system  should  not  be  so  com- 
plex as  to  make  it  necessary  to  use  different  colors  to  identify 
the  various  systems.  I.  E.  Moultrop. 

This  is  an  excellent  plan,  and  in  view  of  its  advantages  in 
breaking  in  new  men  and  in  times  of  emergency  it  is  surprising 
that  it  is  not  more  generally  adopted.  H.  T.  Hartman. 

0  12.  Do  yon  advocate  a  heater  between  engines  and  con- 
denser when  two  or  more  engines  are  piped  to  one  condenser? 

No.  The  amount  of  heat  gained  would  be  in  the  neighbor- 
hood of  loo  to  I20  degrees  and  it  would  be  better  to  heat  feed 
water  with  steam  from  auxiliaries  or  economizers. 

C.  W.  KOINER. 

Yes.  Geo.  W.  Richardson. 

Yes.  J.  F.  DosTAL. 

Yes.  I.  E.  Moultrop. 

Yes.  Augusta  Ry.  and  Elec.  Co. 

Yes.  H.  W.  Mills. 

0  13.  What  are  the  advantages  of  a  Holly  steam  loop  over 
a  steam-driven  receiver  pump? 

It  is  better  to  use  a  steam  trap  and  return  the  water  of  con- 
densation back  to  feed  tank.  My  experience  with  the  loop 
resulted  in  substituting  a  steam  trap  for  same,  because  of  inability 
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to  keep  the  check  valves  from  hammering  themselves  to  pieces 
owing  to  the  pulsation  of  the  steam  in  the  header. 

Geo.  W.  Richardson. 

Economy  and  reliability,  and  less  cost  of  maintenance. 

G.  Wilbur  Hubley. 

It  is  more  economical,  when  properly  designed  and  erected. 
It  is  very  delicate  and  the  conditions  must  be  just  right  to  realize 
satisfactory  results.  W.  W.  Titzell. 

It  requires  less  care  to  operate,  and  is  more  reliable. 

G.  B.  Leland. 

Ease  and  certainty  of  operation.  W.  P.  Hancock. 

The  Holly  system  requires  less  attention  and  less  repairs 
than  the  steam-driven  reserve  pump.  It  is  supposed  to  be  some- 
what more  reliable.  I.  E.  Moultrop. 

With  a  Holly  system  of  steam  loop,  you  install  it  and  then 
forget  it,  for  it  practically  needs  no  attention ;  with  a  steam-driven 
receiver  pump,  you  install  it  and  then  keep  everlastingly  at  it, 
'because  it  needs  lots  of  attention.  H.  Bottomley. 

The  Holly  steam  loop  is  cheaper  to  operate. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

The  Holly  system  when  once  started  rarely  needs  attention, 
while  a  steam-driven  pump  and  receiver  needs  attention  all  the 
time.  H.  C.  Hall. 

0  14.  Which  is  considered  the  best  practice  as  regards  the 
disposition  of  exhaust  steam  from  air  pumps — to  turn  it  into 
the  condenser,  into  the  air  through  a  heater,  or  into  the  engine 
receiver? 

If  you  can  condense  the  exhaust  steam  from  the  air  pumps, 
by  all  means  put  it  there. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 
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Into  the  condenser;  but  in  a  large  plant  it  is  sometimes 
advisable  to  have  an  auxiliary  condenser.  See  answer  to  ques- 
tion C  7.  Geo.  W.  Richardson. 

If  exhaust  for  heater  is  limited,  the  best  practice  would  be 
to  use  exhaust  from  condensers  to  make  up  deficiency ;  otherwise, 
pipe  exhaust  into  condenser.  G.  Wilbur  Hubley. 

Into  the  condenser,  always.  W.  W.  Titzell. 

If  there  is  sufficient  heat  from  other  sources  to  heat  the 
feed  water,  or  economizers  are  in  use,  it  would  be  best  to  turn 
the  exhaust  from  the  air  pumps  into  the  condenser;  otherwise, 
it  would  be  better  to  put  the  exhaust  through  a  heater  for  heat- 
ing the  feed  water.  C.  W.  Koinek. 

This  would  depend  upon  the  conditions  of  the  plant  in  ques- 
tion, whether  or  not  there  was  spare  exhaust  steam  for  heating 
the  feed  water,  and  upon  the  kind  of  condenser. 

I.  E.   MOULTROP. 

Into  the  air  through  a  heater. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

That  depends  on  the  plant.  If  the  plant  is  equipped  with 
economizers,  the  place  for  the  pump  exhaust  is  in  the  receiver, 
but  otherwise  it  should  go  through  the  heater  to  the  air. 

W.  H.  Mills. 

0  16.  Which  is  the  more  efficient  method  for  surface  con- 
densers— ^the  parallel  flow  or  counter-current  flow? 

A  counter-current  flow  of  water  through  the  surface  con- 
denser is  more  efficient.  C.  W.  Koiner. 

Some  manufacturers  advocate  one  system  and  some  the 
other.    Both  systems  seem  to  give  about  the  same  results. 

I.  E.  MoULTROP. 

Counter-current.  H.  C.  Hall. 


G  i6  G— PIPING,  CONDENSERS,  ETC.  97 

0  16.  What  is  the  most  satisfactory  means  of  removing  the 
oil  from  exhaust  steam  so  that  the  condensed  steam  can  be 
used  as  a  boiler  feed? 

Use  a  good  make  of  open  heater.  A.  Peters. 

Reliable  oil  separator.  G.  Wilbur  Hubi.ey. 

Use  a  properly-designed  oil  eliminator  and  a  surface  blow- 
off  on  the  boiler.  W.  W.  Titzell. 

The  best  method  for  removing  oil  from  exhaust  steam  is  to 
use  an  oil  separator  in  the  exhaust  line.  C.  W.  Koiner. 

1  would  suggest  the  enlargement  of  exhaust  pipe  and  the  use 
of  separator  having  at  least  twice  the  cubical  contents  of  low- 
pressure  cylinder  and  plenty  of  baffling  surface.  Keep  down 
rate  of  flow  of  steam  through  separator  to  about  25,000  feet. 
Avoid  the  use  of  cylinder  oil  compounded  in  excess  of  from  six 
to  seven  per  cent  animal  matter,  or  about  1.5  per  cent  of  paraf- 
fin, and  which  will  not  decompose  or  froth  at  400  degrees  Fah- 
renheit. C.  F.  Hewitt. 

Any  good  form  of  oil  separator  will  do. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

We  have  found  the  use  of  the  Cochrane  oil  separator  very 
satisfactory  in  removing  the  oil  from  exhaust  steam,  and  have 
used  the  condensed  steam  as  a  boiler-feed  without  any  trouble 
from  the  oil.  E.  F.  McCabe. 

We  do  not  think  there  is  any  satisfactory  method  unless  it 
be  filtering  it  through  a  filter  placed  in  the  boiler-feed  line. 

Augusta  Ry.  and  Elec.  Co. 


We  use  a  14-inch  Cochrane  oil  separator.     We  return  all 
cur  steam  and  find  no  oil  in  boilers.  R.  N.  Kimball. 

V.  2—7 
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0  17.  Which  are  the  more  reliable  under  all  conditions, 
single   direct-acting  or  duplex  condenser  pumps? 

If  you  mean  for  circulating  condenser  water  there  is  no 
difference,  but  if  you  mean  the  air  pump,  single  direct-acting  will 
give  least  trouble.  Geo.  W.  Richardson. 

Single  direct-acting.  G.  Wilbur  Hubley. 

Duplex  pumps  are  the  most  reliable  under  all  conditions. 

C.  W.  KOINER. 

Duplex.  H.  Bottom  LEY. 

Duplex  pumps.  H.  C.   Hall. 

Single  direct-acting  pumps.  I.  E.  Moultrop. 

0  18.  Which  are  preferable  on  condensers  for  turbine  units 
— steam  or  electrically-driven  circulating  and  air  pumps  T 

Electrically-driven  circulating  and  air  pumps  are  more 
economical  than  steam  pumps,  but  some  engineers  prefer  steam. 

S.  C.  Foster. 

Except  in  a  few  special  cases  it  is  preferable  to  have  these 
pumps  steam-driven  and  use  the  exhaust  to  heat  feed  water. 

P.  Junkersfeld. 

On  the  continent  of  Europe  electrically-driven  circulating 
water  and  air  pumps,  for  both  engine  and  turbine  units,  are  ex- 
tensively used,  while  English  practice  is  rapidly  adopting  this 
system,  and  I  do  not  doubt  that  in  American  practice  electric 
motors  will  soon  be  adopted  for  this  purpose. 

Franz  Koester. 

Both  are  in  use,  and  each  system  has  its  advocates. 

H.    BOTTOMLEY. 

In  a  turbine  installation  steam-driven  auxiliaries  should  be 
installed  up  to  the  point  where  all  the  exhaust  can  be  condensed 
in  heating  feed  water  to  give  the  most  economical  results. 

I.  E.  Moultrop. 
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See  answer  to  question  C  16.  J.  T.  Cowling. 

0  19.  For  maximum  economy  in  a  cooling  tower^  what  are 
the  relations  between  the  velocity,  humidity  and  inlet  tempera- 
ture of  the  air  and  the  circulation  of  the  cooling  water? 

Q  20.  ITnder  what  conditions  would  it  be  advisable  to  use  a 
cooling  tower  condensing  outfit  for  small  or  moderate-sized  eleo- 
tric-light  plants  (a)  with  reciprocating  steam  engines?  (b) 
with  turbines? 

When  the  commercial  savings  effected  by  its  use  are  greater 
than  the  cost  of  operating  same  plus  interest  and  depreciation  on 
the  investment.  H.  Bottomley. 

(a)'  Where  the  load  factor  is  high,  the  average  humidity 
low  and  fuel  and  water  are  expensive  it  would  very  probably 
pay  to  install  a  cooling  tower  of  at  least  sufficient  capacity  for 
the  long-hour  load.  Where  the  boiler-feed  water  carries  a  large 
percentage  of  scale-forming  materials  there  would  be  an  addi- 
tional reason  for  using  a  cooling  tower  with  surface  condenser 
outfit,  as  it  would  provide  pure  water  for  the  boilers,  (b)  In 
the  case  of  turbines,  the  efficiency  is  rather  low  running  non- 
condensing,  and  even  a  comparatively  low  vacuum  would  greatly 
increase  it.  H.  T.  Hartman. 


Only  under  conditions  of  limited  supply  of  fresh  injection 
water.  G.  Wilbur  Hubley. 

0  21.    What  is  the  best  way  to  prevent  the  acciunulation 
of  shellfish  in  the  suction  of  the  condenser? 

Use  "Ideal"  strainer.  United  Elec.  Lt.   Co. 

Blow  steam  through  it  occasionally  by  direct  connection  of 
a  small  live-steam  pipe.    Cook  'em.  W.  W.  Titzell. 

One  method  is  to  use  two  straining  screens  in  series,  so  that 
one  may  be  kept  in  operation  while  the  other  is  being  cleaned  out. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 
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Put  a  good  double  strainer  over  end  of  suction  pipe,  then 
when  one  strainer  is  being  cleaned,  the  other  prevents  the  en- 
trance of  foreign  matter.  H.  C.  Hall. 

G-  22.  To  what  one  or  more  causes  in  operation  or  to  what 
short-comings  in  design  or  constmction  do  you  attribute  the 
failure  to  secure  guaranteed  or  expected  vacuum  in  the  everyday 
operation  of  surface  condenser  plants,  either  with  turbines  or 
with  steaqi  engines  T 

Condenser  not  large  enough,  or  negligence,  or  careless  pack- 
ing. As  general  rule  condensers  are  so  simple  that  they  are  ne- 
glected. G.  W.  Richardson. 

In  most  cases  air  leaks  at  joints  in  piping  or  stuffing-box 
packings.  G.  Wilbur  Hubley. 

Leaks.  W.  W.  Titzell. 

Leaking  joints;  bad  design  of  condenser;  long  pipe  lines. 

(Unsigned.) 

The  failure  of  a  condensing  plant  to  give  the  expected 
vacuum  may  be  caused  by,  first — designing  the  condensing  plant 
too  small  for  the  work ;  that  is  either  making  the  entire  installa- 
tion too  small,  or  having  one  of  the  pieces  of  apparatus  under 
capacity.  Second — air  leaks  in  that  portion  of  the  condenser  and 
its  appurtenances  where  the  pressure  is  below  that  of  the  atmos- 
phere. Third — by  the  temperature  of  the  cooling  water  running 
higher  than  anticipated,  as  by  warming  up  during  the  summer 
months.  Fourth — leakage  through  the  pump  used  to  remove  the 
water  of  condensation  and  through  the  pump  removing  the  vapor 
of  condensation,  if  there  be  such  a  pump  in  use.  The  above 
covers  most  of  the  causes  for  failures  in  condensing  apparatus, 
but  there  may  be  other  causes  brought  about  by  the  peculiar 
conditions  of  an  individual  installation,  which  would  contribute 
to  the  failure  to  realize  the  desired  vacuum,  and  this  would  have 
to  be  investigated  at  the  special  installation. 

L  E.  MOULTROP. 


G  23  G— PIPING,  CONDENSERS,  ETC  loi 

0  23.  Which  is  the  best  location  for  the  steam  header  and 
auxiliary  piping — engine-room,  boiler-room  or  separate  chamber? 

Putting  header  in  the  engine-room  insures  better  inspection 
and  maintenance.  In  the  boiler-room  there  is  less  likelihood  of 
damage  to  engine  in  case  of  accident. 

Augusta  Ry.  and  Elec.  Co. 

In  boiler-room,  unless  plant  is  of  very  large  capacity.  The 
space  required  for  separate  chamber  is  disproportionately  large, 
and  about  the  only  advantage  claimed  is  that  it  isolates  trouble. 
It  is  questionable  whether  or  not  it  really  has  any  advantage  in 
this  respect,  as  a  hallway  full  of  steam  is  not  an  inviting  place  to 
send  men  for  the  purpose  of  clearing  trouble. 

The  engine-room  should  be  as  clear  as  possible  of  high- 
pressure  piping.  There  are  too  many  things  to  look  after  at  the 
same  time  and  too  much  apparatus  that  would  be  injured  by 
escaping  steam  to  justify  placing  the  steam  mains  in  engine-room 
if  it  is  possible  to  avoid  it.  H.  T.  Hartman. 

Put  the  piping  in  the  boiler-room  if  it  can  be  conveniently 
done  and  the  station  is  not  large  enough  to  afford  a  proper 
separate  chamber.  Dugald  C.  Jackson. 

Separate  chamber,  out  of  drafts,  where  a  uniform  and  high 
temperature  can  be  maintained.  .  W.  P.  Hancock. 

The  separate  chamber  is  the  best  location  for  the  steam 
pipe,  for  the  reason  that  it  can  be  kept  clean,  free  from  drafts, 
and  in  case  of  a  disastrous  steam  break  it  tends  to  separate  the 
trouble  from  the  rest  of  the  plant.  I.  E.  Moultrop. 

Q  24;  What  are  the  advantages  of  a  surface-condensing  sys- 
tem over  other  methods  of  condensing  the  exhanst  steam  from 
turbines  t 

Pure  boiler-feed  water  and  higher  vacuum.  Otherwise  the 
advantages  in  the  way  of  first  cost  of  installation,  smaller  number 
of  moving  pieces  of  apparatus,  fewer  joints  under  vacuum,  and 
simplicity  of  operation,  are  all  with  the  jet  or  barometric  con- 
denser. H.  T.  Hartman. 
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The  ability  to  return  the  condensed  steam  from  the  turbine 
to  the  boilers,  saving  not  only  the  water  but  some  heat. 

W.  P  Hancock. 

Naturally,  in  any  location  some  heat  is  saved  by  the 
use  of  surface  condensers  where  the  condensation  is  returned  to 
the  boilers.  With  the  plant  located  where  salt  water  is  used  as 
a  cooling  medium  surface  condensers  are  necessary  where  the 
condensed  steam  is  to  be  saved.  I.  E.  Moultrop. 

0  26.  (a)  What  is  relative  power  consumed  by  surface  con- 
densers and  the  barometric  type,  in  their  anziliaries,  for  the 
same  vacuum?  (b)  What  is  tiie  chance  of  losing  vacuum  on 
throwing  off  or  on  full  load  at  once  with  barometric  type  of 
condenser?  (c)  What  is  the  power  consumed  by  auxiliaries 
(condensing)  for  high  vacuum? 


ENGINES 

HI.  Is  there  any  known  formula  for  finding  the  horse- 
power of  a  gas  engine  when  the  B.  t.  u.  per  cubic  foot  of 
gas  is  known? 

No ;  indicate  it  or  apply  brake.  W.  W.  Titzell. 

This  will  depend  upon  the  explosion  pressure,  which  runs 
all  the  way  from  175  to  400  pounds.  A.  E.  Walden. 


Cubic  feet  gas  per  hour  X  B.  t.  u.  per  cubic  foot 

^ 6^J^^^T X  thermal  efficiency  of 

V     778     ) 
engine  =  horse-power. 

C.  K.  N.,  N.  Y.  Ed.  Co. 


Gas-engine  builders  generally  guarantee  a  brake-horse-power 
on  10,000  to  12,000  B.  t  u.  R.  N.  Kimball. 

If  the  composition  of  a  gas  is  known,  the  air  consumption 
necessary  for  explosion  must  necessarily  be  known.    From  this 
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fact  the  B.  t.  u.  available  per  explosion  at  full  load  is  determined 
readily  from  the  size  of  the  cylinder.  Now,  if  the  compositioil 
of  the  gas  that  was  used  when  the  engine  was  tested  is  known, 
the  performance  of  the  engine  with  the  gas  at  hand  will  be  found 
to  be  very  nearly  in  proportion  to  the  ratio  of  the  B.  t.  u.  in  the 
two  equal  portions  of  mixture  at  full  lo^d. 

Example:  It  is  proposed  to  use  a  gas  of  134.15  B.  t.  u.  of 
the  following  composition  in  a  gas  engine ;  what  horse-power  will 
it  develop?  The  gas  engine  when  tested  on  natural  gas  of  1000 
B.  t.  u.  requiring  10.5  cubic  feet  air  for  explosion  developed  100 
horse-power. 

The  composition  of  the  gas  to  be  used  was  as  follows : 


Gas 

Per  Cent 

Available  B.  t.  u. 

Cubic  Feet  of  Air 
Required  per  Bxplosion 

CO, 

8.5 

0 

0 

C,H, 

0 

0 

0 

0, 

.5 

0 

0 

CO 

22.9 

74.65 

.546 

CH4 

3.36 

30.57 

3.20 

H, 

10.4T 

28.93 

.249 

N, 

54.33 

.  0 

0 

Total, 

100.00 

134.15 

3.995 

Total  volume  of 

mixture          4*995 

In  one  cubic  foot  of  natural  gas  mixture  there  are  89.5 
B  t.  u. 

In  one  cubic  foot  of  mixture  to  be  used  there  are  27  B.  t.  u. 

Hence  the  horse-power  that  can  be  developed  would  be 
found  by  the  formula 

100      80.5  . 

—  as  — ?-i  _  33.14  horse-power. 
X         27. 

Formula  required  is  therefore  as  follows: 

Horse-power  known  B.  t.  u.  in  cubic  feet  mixture  used  in  makin^^  test. 

Horse-power  unknown         B.  t.  u.  in  cubic  feet  mixture  to  be  used. 

Philip  F.  Ballinger. 

H  2.  What  is  the  average  gas  consumption  per  horse-power 
of  the  average  gas  engine  at  one-quarter,  one-half,  three-quarters, 
and  full  load?  In  each  case  please  state  the  B.  t.  u.  of  the  gas 
per  cubic  foot,  and  the  pressure  under  which  it  was  metered. 

• 

A  prominent  manufacturer's  guarantee  is  as  follows: 
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Gas  engines  will  not  utilize  over  10  to  15  per  cent  of  heat. 

12, (XX)  B.  t.  u.  when  engine  is  operated  at  full  load 

14,000   *'  *•  **      '*  *         '*   three-quarter  load 

i6,coo   '•  *'  *'      '*  **       ••         '*  '*   half  load 

As  the  operating  conditions  of  almost  every  plant  constitute 
not  over  50  per  cent  power  factor,  the  economy  ought  to  be 
based  on  this  fact.  Geo.  W.  Richardson. 

Each  brake-hp  requires  12,500  B.  t.  u. 

600  B.  t.  u.  Gas  100  per  cent  load,  20  cubic  feel 

75     •'       •'         '•  23  to  25  cubic  feet 

50     **       •'         "  27    *'  30 

25     *•       "         "  30   "  38 

'  A.  E.  Walden. 

The  average  gas  consumption  per  hp-hour  at  quarter,  half, 
and  three-quarters  load  depends  somewhat  on  the  design  of  the 
engine.  If  of  the  throttling  type  with  a  hit-and-miss  attachment 
when  working  with  natural  gas  containing  not  less  than  1000 
B.  t.  u.  the  gas  consumption  will  not  exceed 


Full      load  10,500  B.  t.  u.  per  brake    horse-power 
Half        "     12,000 
Quarter  **     13,000 


H.  M.  Beugler. 

The  average  gas  consumption  per  horse-power-hour  at 
quarter,  half,  three-quarters,  and  full  load  on  a  few  of  the 
engines  I  have  tested  was  as  follows: 

Gas  consumption  at  per  cent  of  full  load        25  50  75         roo 


Size  of  Enfi^ine 

B.  r.  u.  in  Gas 

2-hp 

560 

60.4 

46.2 

38 

31 

8-hp 

560 

46 

30.6 

312 

25.5 

i6-hp 

560 

44.1 

35 

29 

23.1 

165-hp 

597 

41.2 

34.3 

24 

18.3 

165-hp 

129.44 

148.10 

no 

97.2 

93 

165-hp 

123.85 

155.4 

141.5 

115.7 

97.2 

165-hp 

128.15 

150.3 

131 

105.3 

94.8 

This  shows  that  the  gas  consumption  per  horse-power  in 
the  very  small  engines  was  very  much  in  excess  of  that  which 
was  to  be  found  with  the  larger  engines. 

Philip  F.  Rallinger. 


H  3  H— ENGINES  105 

See  plotted  curves  in  handbook  distributed  by  the  West- 
tinghouse  Electric  and  Manufacturing  Company. 

R.  N.  Kimball. 

H  3.  What  are  the  actual  miming  efficiencies  and  perform- 
ances of  gas  engines  with  producer  gas,  and  the  actual  costs 
of  plant,  fuel  repairs  and  depreciation,  as  compared  with  the 
average  steam-engine  or  turbine  plant  T 

I  have  found  from  actual  tests  made  on  gas  engines  of 
various  types  that  the  efficiencies  of  engines  running  on  half, 
three-quarters,  and  full  load  are  as  follows: 


Per  Cent  Full  Load 

Mech.  Efficiency 

Thermal  BflRciency 

50 

65 

12.7 

75 

70 

20.5 

100 

78 

23.7 

These  efficiencies  were  found  while  making  runs  at  con- 
stant brake  loads  for  periods  of  two  hours.  The  engines  showed 
an  average  heat  value  given  up  to  jacket  water  and  lost 
through  exhaust  as  follows: 

o-..  r-«t  «r  T  «*^  Per  Cent  Heat  Per  Cent  Heat  Given  to 

J'cr  i.eni  ol  L^d  qj^^^  ^p  ^^  j^^^j^^^  Exhaust  and  Radiation 

50  21.75  58.68 

75  29.1  44.7 

100  38.7  28.3 

The  repairs  on  the  gas-engine  plant  during  the  year  1904 
amounted  to  $.00219  per  kilowatt-hour  generated. 

The  repairs  on  steam  plant  during  year  1904  amounted  to 
$.004451  per  kilowatt-hour  generated. 

The  cost  of  fuel  for  gas-engine  plant  per  kilowatt-hour 
was  0.679  of  the  cost  of  fuel  per  kilowatt-hour  with  .steam. 

Philip  F.  Ballinger. 

The  actual  running  efficiencies,  considering  the  load  for 
which  the  station  operates,  are  approximately  the  same  between 
producer-gas  engines  and  compound-condensing  steam  engines 
and  not  quite  so  good  as  with  a  turbine  plant  using  superheated 
steam :  the  depreciation  on  the  gas  plant  is  larger  than  with  either 
of  the  steam  plants.  Operated  under  full-load  conditions,  the 
gas-producer  plant  is  superior  to  either  of  the  steam  plants.    The 
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cost  of  a  producer  plant  is  larger  per  horse-power  than  that 
of  either  steam-engine  or  steam-turbine  plant.  W.  L.  K. 

This  question  is  very  ably  discussed  in  the  Electrical  Age 
for  April,  1905.  W.  R.  Collier. 

Most  gas  engines  are  overrated  for  use  on  producer  gas. 

In  a  recent  test  of  a  Walrath  engine,  60-hp  rated,  with  Wile 
automatic  producer,  engine  would  not  develop  more  than  25 
horse-power  with  constant  speed.  The  coal  consumption  was 
800  pounds  of  pea  coal,  at  $4.25  per  ten-hour  run. 

R.  N.  Kimball. 

H  4.  Is  a  gas  engine  and  suction  or  pressnre  gas  producer 
plant  of  100  horse-power  desirable  as  an  auxiliary  to  a  water- 
power  where  one  of  the  prime  considerations  is  quick  and  easy 
starting  with  small  extra  labor,  in  order  that  the  regular  force 
need  not  be  increased? 

A  loo-hp  suction  producer  plant  could  hardly  be  called  a 
quick  starter,  inasmuch  as  it  is  necessary  to  blast  up  the  fire 
before  the  gas  is  sufficiently  rich  to  operate  the  engine. 

W.  L.  K. 

A  combined  suction  and  pressure  gas  producer  is  seemingly 
giving  the  best  results.  A.  E.  Walden. 

Speed  variations  due  to  quality  of  gas  varying,  are  annoying 
to  voltage.     Have  guarantees  on  engines  and  producers  drawn 
so  that  no  money  is  paid  until  satisfactory  results  are  assured. 
^  R.  N.  Kimball. 

H  6.  What  has  been  the  development  in  connection  with 
the  use  of  internal-combustion  engines  to  carry  light  day  loads 
in  plants  of  5000  lights  capacity  and  under,  where  steam  is 
used  for  peak  load?  The  case  we  have  in  mind  would  involve  a 
60-kw  unit. 

We  have  a  three-cylinder  gas  engine  belted  to  a  60-kw  gen- 
erator, pulling  our  day  load  and  late-at-night  load  and  giving 
excellent  satisfaction.  Voltage  regulation  is  as  good  as  with  a 
steam  engine.  F.  D.  Elwell. 


H  6  H— ENGINES  107 

The  Diesel  engine  is  peculiarly  fitted  for  this  work,  as  it 
will  enable  a  steam  plant  to  dispense  entirely  with  the  fire-room 
labor  and  a  day  engineer.  Norman  McCarty. 

H  6.  In  view  of  the  guarantee  made  by  manufaoturers  of 
gas  engines  and  producers  of  one  brake-hp-hour  per  pound  of 
coke  or  anthracite  coal,  why  are  not  such  outfits  more  generally 
installed  ? 

Because  owners  are  afraid  of  the  gas  engine.  This  fear 
being  based  upon  troubles  that  have  been  overcome  in  the  modem 
gas  engines.  Chas.  N.  Shaw. 

The  probable  reason  is  that  the  efficiency  of  the  gas  engine 
(Jrops  off  quite  rapidly  from  full  load  and  also  at  the  present 
writing  the  gas  engine,  operated  from  producers,  is  still  in  an 
experimental  stage.  The  depreciation  and  maintenance  are  also 
appreciably  larger  than  on  steam  installation.  W.  L.  K. 

Producers  and  gas  engines  should  be  bought  from  the  same 
company,  so  that  there  will  be  no  shifting  of  loads  and  respon- 
sibilities in  case  of  failure  to  get  guaranteed  results. 

R.  N.  Kimball. 


It  is  our  opinion  that  the  answer  to  this  question  is,  that 
they  can  not  make  their  guarantee  good  under  actual  operating 
conditions.  An  explosive  engine  operating  at  50  per  cent  load 
factor  using  gas  fuel,  requires  about  16,000  B.  t.  u.  per  brake- 
horse-power,  and  as  coal  will  not  average  over  12,500  B.  t.  u. 
80  per  cent  efficiency  in  gas  producer  would  not  give  over  10,000 
B.  t.  u.  per  pound  of  coal  for  us  in  the  engine ;  consequently  they 
would  require  1.6  pounds  of  coal  per  brake-horse-power  under 
the  average  operating  conditions  of  the  plant,  without  consider- 
ing stand-by  losses,  when  the  engines  are  out  of  service. 

Norman  McCarty. 

H  7.  (a)  What  is  being  done  with  regard  to  running  gas 
engines  direct-connected  or  direct-belted  to  another  shaft  which 
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is  already  driven  by  steam  eng^ines?     (b)  Will  the  gas  engine 
operate  satisfactorily  connected  with  steam-driven  machinery? 

Just  as  good  results  as  can  be  had  with  steam  engines  of 
different  makes,  as  the  regulation  is  equal  to  or  better  than  most 
steam  engines,  the  speed  only  changing  from  day  to  day  as  the 
quality  of  gas  changes ;  but  if  the  speed  is  adjusted  when  starting 
and  other  units  brought  to  this  speed  when  starting  no  trouble  will 
be  had  on  this  score.  A.  E.  Walden. 

This  has  been  tried  in  many  ways,  such  as  adding  largely 
to  the  weight  of  the  gas-engine  flywheels  and  using  double  and 
triple-cylinder  engines.  Very  little  success,  so  far  as  I  have 
seen,  has  ever  been  obtained  in  this  direction,  however. 

G.  H.,  N.  Y.  Ed.  Co. 

There  will  be  no  difficulty  in  connecting  a  Diesel  engine 
either  by  belt  or  direct  to  the  line  shaft,  operating  from  a  steam 
engine.  The  regulation  secured  in  the  Diesel  engine  is  fully 
equal  to  that  of  steam,  which  is  probably  the  information  your 
questioner  desired.  Norman  McCarty. 

H  8.  (a)  Which  have  you  found  to  be  the  cheapest  power — 
steam  eng^es,  steam  turbines,  gas  engines  running  on  producer 
gas  or  Diesel  engines?  (b)  Why  are  not  the  Diesel  engines 
more  usedT 

(b)  These  engines  have  not  been  more  used  on  account  of 
unreliability  of  operation. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


Due  to  the  very  high  thermal  efficiency  of  the  Diesel  engine, 
as  well  as  to  the  crude  quality  of  the  oil  that  can  be  used  to 
operate  it,  the  actual  cost  of  the  fuel  per  hp-hour  when  operating 
with  this  style  of  engine,  will  be  much  less  than  any  other  form 
of  power  generation ;  but  the  cost  of  the  Diesel  engine  (both 
first  cost  and  cost  of  maintenance),  the  difficulty  of  getting 
started,  the  unreliability  of  its  operation  and  its  lack  of  the  high- 
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grade   speed   regulation   of  the   steam   engine,   have   prevented 
its  general  adoption. 

In  my  opinion,  the  high-g^ade  Corliss  steam  engine  and 
the  high-grade  steam  turbine  are  in  a  class  by  themselves,  and 
are  far  superior  to  any  other  form  of  power  generation  (water- 
power  excepted)  that  has  ever  been  devised.  Between  the  steam  en- 
gine and  the  steam  turbine,  the  actual  economy  of  the  former,  up 
to  the  present  time,  is  slightly  greater  than  that  of  the  latter, 
while  the  first  cost  and  cost  of  maintenance  of  the  latter,  together 
with  its  economy  of  space,  strongly  recommend  it  over  the 
former.  It  would  seem  that  the  steam  turbine,  as  it  is  perfected, 
will  gradually  supplant  the  steam  engine.  George  Howe. 

The  probable  reasons  why  Diesel  engines  are  not  in  more 
general  use  are : 

(i)  High  initial  cost. 

(2)  Greater  complication  than  engines  of  the  more  familiar 
types. 

(3)  Trouble  experienced  on  account  of  the  unreliability  of 
gas  engines  in  general  has  probably  prejudiced  many  engineers 
against  internal-combustion  engines  of  any  type. 

H.  T.  Hartman. 

The  Diesel  oil  engine  is  costly  to  install  and  is  not  as  yet 
tested  by  time.  R.  N.  Kimball 

The  writer  has  had  no  experience  with  a  Diesel  engine,  but 
has  understood  that  the  question  of  the  mixing  has  given  con- 
siderable trouble.  The  steam  turbine,  for  all-round  conditions 
for  power-house  use,  running  on  variable  or  fluctuating  loads 
with  capacity  for  overload,  has  proven  to  be  the  cheapest,  includ- 
ing in  this  term  cost  of  operation,  maintenance,  depreciation  and 
repairs.  With  good  compound  condensing  engines  where  the 
units  are  so  divided  as  to  be  able  to  run  some  of  them  at  full-load 
rating,  the  turbine  economy  is  approached.  On  gas  engines  oper- 
ated with  producer  gas,  the  trouble  in  regulation,  cost  of  main- 
tenance, depreciation,  interest  on  investment,  and  failure  to  take 
any  great  over-load,  more  than  counterbalance  their  straight 
economy  on  fuel  operation.  W.  L.  K. 
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H  9.  (a)  Are  there  any  eleotrio-light  stationB  in  the  East 
OBing  oil  engines  of  the  Diesel  type,  and  if  so,  how  does  the 
cost  per  kilowatt  for  fuel  compare  with  that  of  steam  engines 
with  coal  at  the  prices  prevalent  in  New  England,  or,  say,  $4.00 
to  $4.26  per  ton?  (b)  Will  the  repairs  and  charges  for  depre- 
ciation offset  the  saving?    (c)  Is  this  service  to  be  relied  on? 

At  Jewett  City,  Connecticut.  A.  E.  Walden. 

There  are  three  electric-lighting  stations  using  Diesel  engines 
in  the  East,  for  the  sale  of  commercial  light  and  power.  One 
at  Jewett  City,  Conn.,  which  has  been  in  operation  two  years, 
one  at  Mansfield,  Mass.,  which  has  been  in  operation  one  year, 
and  another  at  Provincetown,  Mass.,  which  has  been  in  opera- 
tion seven  months.  Norman  McCarty. 

I  do  not  know  of  any  station  in  the  East  at  present  operating 
in  this  manner.  However,  I  will  say  that  the  Tyrolean  Alps 
exhibit  at  the  World's  Fair,  St.  Louis,  was  operated  by  a  large 
plant  of  this  character  with  fairly  good  results.  The  ratio  be- 
tween the  Diesel  motor  and  the  high-grade  Corliss  engine,  so 
far  as  actual  fuel  cost  is  concerned,  would  seem  to  be  in  favor  of 
the  Diesel  engine.  Nevertheless,  the  cost  of  repairs,  deprecia- 
tion, poor  regulation,  and  unreliability,  fully  offset  the  advantages 
of  the  Diesel  engine.  G.  H.,  N.  Y.  Ed.  Co. 

H  10.  What  are  the  ratios  of  fuel  consumption  per  indicated 
horse-power  of  the  American  Diesel  engine  and  a  first-class  single- 
cylinder  Corliss  engine  of  standard  type  running  non-condensing, 
steam  at  110  pounds  and  cutting  off  at  one-fourth  stroke? 

To  make  a  proper  comparison  would  require  that  oil  be 
burned  under  the  steam  boiler  or  else  that  a  comparison  be  made 
for  each  different  kind  of  coal  that  may  be  used. 

An  approximate  comparison  of  the  relative  efficiencies  of 
steam  and  internal-combustion  engines  may  be  obtained  from  the 
table  on  page  119  of  the  Preliminary  Report  on  the  Operations 
of  the  World's  Fair  Coal-Testing  Plant  of  the  United  States 
Geological  Survey,  which  describes  fourteen  tests  made  on  differ- 
ent kinds  of  coal,  portions  of  each  of  these  samples  being  used 
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in  a  steam  plant  and  portions  of  each  in  a  gas  plant,  and  showing 
an  average  efficiency  in  the  steam  plant  of  4.27  pounds  of  dry 
coal  per  electrical  horse-power,  and  in  the  gas  plant  1.7  pounds 
of  dry  coal  per  electrical  horse-power.  (Unsigned.) 

H  11.  Is  there  any  good  reason  why  a  modem,  well-bnilt 
vertical  cross-componnd  engine  of  1000  horse-power  should  not 
be  run  at  1000  feet  piston  speed  per  minute? 

We  do  not  observe  the  slightest  difficulty  in  operating 
i200-hp  horizontal  cross-compound  Corliss  engines  at  a  piston 
speed  of  800  feet  per  minute.  W.  P.  Hazeltine. 

No;  it  is  common  practice  on  steamships  to  run  at  1000 
feet  piston  speed.  G.  H.  Cushman. 

There  should  be  no  difficulty  in  operating  well-designed 
engines  at  1000  feet  piston  speed.  It  would  be  better,  however, 
to  limit  the  piston  speed  to  900  feet  p^r  minute. 

I.  E.  MOULTROP. 

H  12.  What  is  the  difference  in  economy  at  half  load  and 
upward  between  compound  non-condensing  engines,  125  pounds 
pressure,  and  a  simple  engine  working  at  same  pressure?  Engines, 
say,  of  100  or  200  horse-power. 

About  three  per  cent.  Geo.  W.  Richardson. 

Compound  engines  are  about  10  to  15  per  cent  more  economi- 
cal than  single-expansion  engines  if  the  engine  is  condensing, 
but  not  much  more  so  without  condensers,  and  on  fluctuating 
loads  the  economy  is  questionable.  S.  C.  Foster. 

Simple  engine  is  more  economical  under  conditions  noted. 

G.  Wilbur  Hubley. 

The  comparative  efficiencies  depend  largely  on  the  make  of 
the  engines.  If  designed  to  carry  overload,  it  is  doubtful  if  at 
?o  per  cent  load  the  compound  engine  would  show  a  smaller 
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steam  consumption  than  the  simple,  while  at  full  load  the  com- 
pound should  show  about  10  per  cent  greater  efficiency. 

W.  H.  Whittox. 

All  technical  works  give  us  about  15  per  cent  gain  in  favor 
of  compound  non-condensing  engines  over  simple  engines,  and 
this  is  borne  out  in  practice.  W.  H.  Mills. 

H  13.  How  does  the  economy  of  medium-speed  4-TalTe 
engines,  other  than  those  of  the  Corliss  type,  oompare  with  that 
of  high-speed  compound  engines? 

High-speed  compound  engine.  G.  Wilbur  Hubley. 

Tests  have  shown  in  many  instances  that  the  medium-speed, 
four- valve  engines  use  about  10  or  15  per  cent  less  steam  than 
high-speed.  W.  H.  Whitton. 

Medium-speed,  four-valve  engines  show  better  economy  than 
high-speed  compound  at  low  pressures.  One  hundred  and  twenty- 
five  pounds  is  about  as  low  a  pressure  as  should  be  used  with 
compound  engines  and  this  is  higher  than  should  be  used  with 
four-valve  engines  to  get  the  best  results.         H.  T.  Hartmax. 

H  14.  What  is  the  greatest  number  of  r.p.m.  at  which  a 
standard  make  of  Corliss  engine  of  the  automatic  releasing  valve 
gear  type  may  be  safely  and  economically  operated? 

I  have  run  a  Corliss  engine  128  revolutions  per  minute. 
The  size  was  14-inch  by  30-inch  and  the  make  was  a  Sioux  City 
Corliss.  I  experienced  no  trouble  with  the  releasing  gear,  but 
would  advise  knowing  if  the  flywheel  will  stand  this  increase 
before  attempting  to  speed  it  up.  Geo.  W.  Richardson. 

Engines  of  the  releasing-gear  type  are  limited  to  a  speed  of 
90  r.p.m.  or  less,  since  if  the  speed  is  increased  beyond  this  limit 
the  valves  will  not  work  properly.  S.  C.  Foster. 

Consider  100  revolutions  per  minute  as  maximum  economi- 
cal limit,  although  they  are  made  for  higher  speed. 

G.  Wilbur  Hubley. 
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1  have  run  them  at  150  r.p.m.,  and  had  no  trouble  from  the 
high  speed.  G.  B.  Leland. 


Our  chief  engineer  at  one  time  installed  a  Sioux  Corliss 
engine  11  by  24  at  150  revolutions  per  minute,  with  no  bad  re- 
sults, and  it  was  very  economical. 

The  Colorado  Springs  Elec.  Co. 


One  hundred  to  120  revolutions  per  minute. 

Augusta  Ry.  and  Elec.  Co. 


H  15.  What  advantag^es  in  overload  capacity  can  be  obtained 
by  equipping  Corliss  engines  with  separate  eccentrics  for  steam 
and  exhaust  valves? 

Fifty  per  cent  increase  in  overload  capacity. 

G.  Wilbur  Hubley. 

A  single  eccentric  Corliss  engine  will  not  cut  oflf  above  one- 
third;  with  double  eccentrics  it  will  be  increased  to  three-fourths 
with  a  corresponding  decrease  of  back  pressure  at  release  under 
heavy  loads,  and  the  compression  can  be  handled  to  a  greater 
nicetv.  A.  E.  Walden. 

The  range  of  cut-off  can  be  increased  from  45  to  75  p^r 
cent  and  still  have  expansion.  G.  H.  Cushman. 

Longer  cut-off  can  be  obtained  by  the  use  of  separate 
eccentrics.  The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

Corliss  engines  equipped  with  separate  eccentrics  for  steam 
and  exhaust  valves  will  have  a  range^  of  cut-off  from  zero  to 
three-quarters  stroke,  while  Corliss  engines  with  one  eccentric 
controlling  both  steam  and  exhaust  valves  have  a  range  of 
cut-off  from  zero  to  seven-sixteenths  stroke.  If  load  is  such 
that  valve  does  not  trip  between  zero  and  seven-sixteenths  stroke, 
it  will  not  trip  at  all,  but  will  take  steam  about  eleven-twelfths 
of  the  stroke.  H.  C.  Hall. 

V.  2-8 
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With  the  ordinary  Corliss  valve  gear,  the  admission  of 
steam  is  limited  to  one-half  the  stroke,  while  with  the  long-reach 
type,  with  separate  eccentrics  for  steam  and  exhaust  valves, 
admission  of  steam  for  three-quarters  of  the  stroke  can  be 
obtained.  E.  F.  McCabe. 

H  16.  (a)  Have  you  had  experience  with  4-Yalve  (Corliss 
or  other)  engines  with  two  eccentrics  and  a  shaft  governor? 
(b)  Are  they  not  likely  to  replace,  for  general  electric  power 
plant  purposes,  the  reg^ular  style  of  Corliss  engine? 

(b)  For  direct-connected  units  this  seems  to  be  the  general 
trend.  W.  B.  Roland. 

(b)  Yes,  I  believe  so.  G.  Wilbur  Hubley. 

(a)  We  have  known  three  builders  of  steam  engines  to  at- 
tach Corliss  valves  to  a  shaft  (isochronal)  governor  and  in 
€very  instance  they  failed  and  were  abondoned.  A  Corliss  valve 
must  have  a  fixed  travel  always.  William  Wright,  who  designed 
the  Corliss  valve,  always  used  slide  gridiron  valves  for  the  cut- 
off and  his  so-called  Corliss  valves  for  the  exhaust.  The  trouble 
was  that  they  could  not  be  kept  tight,  on  account  of  uneven  wear, 
(b)  No.  W.  W.  Titzell. 

H  17.  Which  is  the  more  economical — ^medium-speed  belted 
Corliss  or  high-speed  direct-connected  automatic? 

If  the  belt  is  of  the  proper  size  and  is  not  connected  up  to 
a  long  jack  shaft,  and  the  engine  is  run  at  or  near  its  maximum 
load,  the  Corliss  steam  consumption  will  be  less  than  that  of  the 
high-speed  automatic.  Geo.  W.  Richardson. 

Medium-speed  belted  Corliss.  G.  Wilbur  Hubley. 

Medium-speed  Corliss,  belted.  W.  W.  Titzell. 

Medium-speed  belted  Corliss  are  more  economical  than 
high-speed  direct  automatic  engines.  C.  W.  Koiner. 
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In  a  station  where  room  is  not  an  important  item  a  medium- 
speed  Corliss  engine  will  be  found  the  more  economical. 

E.  F.  McCabe. 

H  18.  Is  there  more  or  less  leakage  through  valves  and 
pistons  with  superheated  steam  than  with  dry  saturated  steam, 
pressure  being  the  same? 

More,  as  it  is  nearly  a  fixed  gas.  W.  W.  Titzell. 

There  should  be  slightly  less  leakage  with  superheated  steam, 
because  the  vacuum  is  somewhat  greater  than  that  of  saturated. 

I.  E.   MOULTROP. 

H  19.  What  has  been  found  to  give  best  results  in  practice 
with  regard  to  leakage,  friction  and  wear  in  piston  valve  engines 
— ^plain  piston  valves  or  adjustable? 

Adjustable  valves.  G.  Wilbur  Hubley. 

Adjustable  piston  valves  of  proper  design  are  superior  to 
solid  piston  valves,  as  the  solid  valves  soon  wear  and  leak  steam. 

C.  W.  KOINER. 

H  20.  In  an  ordinary  compound-condensing  engine,  which 
is  the  more  economical  (and  why) — a  low  receiver  pressure  (as 
6  pounds),  or  medium  pressure  (as  8  or  10  pounds)? 

This  point  should  be  determined  by  indicator. 

G.  Wilbur  Hubley. 

It  depends  upon  the  load  on  the  engine ;  the  receiver  pressure 
should  be  maintained  as  near  as  possible  to  the  terminal  pressure 
in  high-pressure  cylinder.  G.  H.  Cushman. 

The  most  economical  drop  is  dependent  to  a  very  great  ex- 
tent on  the  ratio  of  cylinder  volume.  An  approximate  balance 
of  the  work  done  between  the  two  cylinders  is  desirable,  though 
not  absolutelv  essential,  and  of  course  the  division  of  the  work 
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fixes  the  drop.  A  medium  amount  of  drop  is  not  wasteful,  as 
the  unresisted  expansion  into  the  receiver  dries  the  steam  and 
may  in  some  cases  superheat  it.  C.  F.  Haywood. 

The  most  economical  receiver  pressure  is  the  pressure  that 
allows  the  governor  to  revolve  in  the  highest  plane,  which, 
of  course,  produces  an  earlier  cut-off  in  the  high-pressure 
cylinder,  no  matter  whether  receiver  pressure  is  6  or  10  pounds, 
as  the  low-pressure  cylinder  can  not  use  any  more  steam  than 
is  supplied  by  the  high-pressure  cylinder.  H.  C.  Hall. 

On  a  steady  load  the  receiver  pressure  should  be  such  that 
each  cylinder  should  do  its  share  of  work,  but  on  a  variable 
and  light  load  the  low  receiver  pressure  is  most  economical. 

W.  H.  Mills. 

H  21.  Does  the  term  '^clearance"  in  an  engine  cylinder  apply 
only  to  the  space  between  piston  and  hea4  when  on  the  dead 
centre  or  does  it  include  the  passagewa3rs  from  valve  to  cylinder  ? 

Generally  speaking,  the  term  "clearance"  means  the  distance 
the  piston  is  from  the  head,  but  when  the  percentage  of  clearance 
is  spoken  of  it  is  the  ratio  to  the  volume  of  the  cylinder  of  the 
volume  of  the  space  between  the  piston  and  head  plus  the  pas- 
sageways to  the  seat  of  valve.  Geo.  W.  Richardson. 

The  clearance  is  the  volume  of  the  space  between  the  piston 
and  cylinder  head  when  the  engine  is  on  dead  centre  plus  the 
volume  of  the  steam  port  leading  to  it.  The  clearance  of  an 
engine  may  be  found  by  putting  the  engine  on  dead  centre  and 
pouring  in  water  until  the  space  between  the  piston  and  cylinder 
head  and  the  steam  port  leading  into  it  is  filled ;  the  volume  of 
the  water  poured  in  is  the  clearance.  S.  C.  Foster. 

Clearance  includes  all  space  between  the  piston  and  the 
cylinder  head,  when  the  piston  is  at  the  extreme  point  of  travel, 
and  the  space  of  passage  for  admission  of  steam  between  ad- 
mission valve  and  cylinder  Wm.  Wiatte. 

Chas.  N.  Shaw. 
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G.  Wilbur  Hubley. 

W.  W.  TiTZELL. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

c.  w.  koiner. 

C.  F.  Hewitt. 
C.  F.  Haywood. 

O.  H.  Young. 

The  Colorado  Springs  Elec.  Co. 

Sam'l  BCahn. 
H.   S.   Russell. 

J.    F.   DOSTAL. 

W.  P.  Hancock. 

I.  E.  Moultrop. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

C.  W.  R.,  N.  Y.  Ed.  Co. 

Augusta  Ry.  and  Elec.  Co. 

W.  H.  Mills. 
C.  C.  Gartland. 

The  term  "clearance"  denotes  the  space  between  the  piston 
and  head  in  addition  to  the  cubical  contents  of  the  ports  or 
passageways  at  that  end  of  the  cylinder.  Clearance  is  generally 
expressed  in  terms  of  a  percentage  of  the  piston  displacement. 

D.  L.  Carver. 

In  its  technical  use  the  term  "clearance"  of  an  engine  refers 
to  the  proportion  of  the  space  in  the  cylinder  and  the  associated 
passages  that  may  be  occupied  by  steam  but  over  which  the  piston 
does  not  sweep ;  that  is,  it  includes  the  passageways  from  valves 
to  cylinder.  Dugald  C.  Jackson. 
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The  term  "clearance"  is  used  in  reference  to  distance  between 
piston  and  head  when  crank  is  on  centre.  This  term  is  also  used 
to  designate  the  voliunetric  measurement  of  all  passageways  and 
spaces  included  between  piston-cylinder  head  and  valves,  and  is 
used  in  this  sense  when  referring  to  economy  of  steam  consump- 
tion. J.  S.  Robinson. 

When  the  space  between  cylinder  head  and  piston  is  taken 
with  engine  on  dead  centre,  this  is  termed  "working  clearance.*' 
But  when  we  include  ports  from  valve  to  cylinder  head,  then  we 
term  it  "cubical  clearance."  H.  C.  Hall. 

r 

As  generally  accepted,  the  term  "clearance"  applies  to  space 
between  the  piston  at  the  end  of  the  stroke  and  the  cylinder  head. 
Writers  on  the  steam  engine,  however,  generally  include  the 
passageways  from  valve  to  cylinder.  E.  F.  McCabe. 

H  22.  What  is  the  usual  per  cent  of  olearance  in  (a)  a  high- 
speed automatic  engine;  (b)  in  the  Corliss? 

The  clearance  may  be  as  low  as  0.5  per  cent  in  Corliss 
engines  and  as  high  as  14  per  cent  in  very  high-speed  engines. 

Geo.  W.  Richardson. 

Automatic  cut-oflF  high-speed  engines  of  the  best  design,  with 
shaft  governors,  usually  compress  to  about  half  the  boiler  press- 
ure and  have  a  clearance  of  from  seven  to  14  per  cent.  Corliss 
engines  have  but  very  little  compression,  owing  to  the  construc- 
tion of  the  valves ;  they  likewise  have  very  little  clearance ;  it  may 
be  as  low  as  0.5  per  cent.  S.  C.  Foster. 

Two  per  cent.  G.  Wilbur  Hubley. 

Clearance  in  high-speed  engines  varies  from  seven  to  14  per 
cent.  Corliss  engines  will  run  as  low  in  some  cases  as  four 
per  cent  or  less. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Clearance  in  high-speed  engines  amounts  to  as  much  as  13 
per  cent  and  in  a  Corliss  engine  it  runs  as  low  as  0.6  of  one 
per  cent.  C.  W.  Koiner. 
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H  23.  Are  phosphor-bronze  piston  packing:  rings  better  than 
cast-iron  when  using  superheated  steam,  say  from  500  to  750 
degrees  Fahrenheit? 

Parkins  used  composition  on  500  pounds  of  steam,  Steamer 
Anthracite.  W.  W.  Titzell. 

H  24.  What  can  be  done  to  prevent  the  governor  of  a  centre- 
crank  engine,  direct-connected  to  a  multipolar  generator,  from 
vibrating  or  shivering  when  running  with  or  without  a  load? 
In  the  case  referred  to  everything  has  been  done  to  see  that 
the  engine  is  in  perfect  line  and  in  good  working  condition,  by 
the  builders.  Steam  distribution  has  been  changed  in  every 
way  possible  and  a  second  governor  wheel  with  a  different  pattern 
governor  has  been  tried. 

If  there  is  a  dash-pot  on  the  governor  see  that  the  holes  in 
the  piston  of  same  are  clear,  and  if  the  fluctuation  of  load  is  very 
great  use  a  thin  oil ;  if  not,  use  a  thicker  oil  in  pot,  and  be  sure 
the  pot  is  full.  If  there  is  no  dash-pot  on  the  governor  the 
trouble  may  be  in  the  valve  chest.  If  your  voltmeter  is  not 
steady  I  am  quite  sure  you  will  find  by  indicating  your  engine 
that  one  end  of  the  cylinder  is  doing  most  if  not  all  of  the  work. 
I  have  found  this  to  be  the  case  several  times.  Maybe  the  lubrica- 
tion of  the  valve  is  not  good,  or  the  packing  in  the  stem  is  bind- 
ing. When  a  valve  is  set  by  the  eye  to  tram  marks,  it  does  not 
assure  you  that  the  valve  is  set  correctly  because  when  the  valve 
is  working  under  steam  pressure  and  temperature  to  correspond 
with  this  higher  pressure,  expansion  throws  the  valve  oflf ;  there- 
fore, a  valve  of  a  steam  engine  should  only  be  pronounced  cor- 
rectly set  after  quite  a  number  of  indicator  cards  are  taken  from 
the  engine.  Geo.  W.  Richardson. 

This  is  inherent  trouble  in  design  in  centre-crank  engine. 

G.  Wilbur  Hubley. 

We  have  found  two  faults,  the  correction  of  which  steadied 
the  governors  on  our  engines  decidedly.  Ours  are  inertia 
governors.  On  one,  a  Russell  engine,  the  slide-valve  binding 
between  the  valve  seat  and  the  lugs  inside  the  steam-chest  cover 
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caused  the  trouble.  There  were  no  springs  behind  these  lugs, 
as  on  a  Mansfield,  and  as  a  gasket  under  steam-chest  cover  was 
compressed  more  and  more  as  the  engineers  "took  up"  on  the 
nuts  to  prevent  leaking,  it  was  finally  compressed  so  thin  that 
there  was  not  room  between  the  face  of  the  lugs  and  the  valve 
seat  to  allow  the  valve  to  work  freely.  We  put  in  a  copper 
gasket,  which  could  not  be  compressed  too  much,  and  have  had 
no  further  trouble. 

With  an  inertia  governor  the  governor  weights  and  the  eccen- 
tric are  keyed  to  a  pin  which  is  free  to  oscillate  or  revolve  in  a 
bearing  in  a  spoke  of  the  flywheel..  On  the  end  of  this  pin,  on 
side  of  spoke  opposite  to  weights,  is  a  cap,  to  prevent  its  working 
out.  There  should  be  no  binding  of  this  cap  against  the  spoke 
when  screwed  up  tight,  or  pin  will  not  work  freely  in  its  bearing 
and  governor  will  shiver  and  regulation  be  bad.  It  was  necessary 
for  us  to  put  shimming  under  the  cap  on  one  of  our  engines, 
and  as  it  took  us  some  months  to  discover  that  this  was  where 
the  trouble  with  our  governor  was  located,  our  experience  may 
help  some  one  else.  W.  H.  Thomson,  Jr. 


We  should  suggest  putting  a  dash-pot  on  the  governor,  or, 
if  one  is  already  on,  substituting  a  heavier  one  for  it. 

The  Edison  Elec.  Ill^g  Gd.  of  Brockton. 


H  26.  In  operating  a  non-oondensing  componnd  engine 
under  light  loadi,  does  it  conduce  to  economy  to  run  with  low 
boiler  pressure  during  the  light-load  period? 

» 

If  the  load  is  exceptionally  light  and  engine  large,  indicate 
the  engine.  If  the  expansion  curve  extends  below  the  atmos- 
phere line  and  causes  a  negative  loop,  it  would  be  advisable  to 
lower  the  steam  pressure,  because  the  negative  loop  is  wasted 
power ;  besides,  the  vacuum  produced  in  the  cylinder  by  this  nega- 
tive loop  will  cause  the  exhaust  valves  to  rise  from  their  seat, 
and  in  time  will  ruin  them.  By  lowering  the  steam  pressure  this 
loop  can  be  avoided.  Geo.  W.  Richardson. 

Yes.  G.  Wilbur  Hubley. 
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It  would  be  better  to  lower  the  pressure  for  light  load  and 
not  let  the  steam  drop  below  the  atmospheric  line. 

C.  W.  KOINER. 

Most  certainly.  An  18-inch  by  36-inch  horizontal  engine 
with  full  load  at  100  revolutions  developed  235  horse-power  with 
95  pounds  boiler  pressure.  With  15-hp  load  and  20  pounds  steam 
this  engine  ran  quietly  and  "sweet,"  but  with  95  pounds  of  steam 
this  same  engine  would  race  so  badly  that  it  could  not  be  trusted. 
Boiler  pressure  should  be  best  suited  to  the  load,  which  can  be 
easily  found  with  the  indicator.  W.  W.  Titzell. 

When  the  light  loads  reduce  the  cut-off  to  so  small  a  per- 
centage of  the  stroke  that  cylinder  condensation  of  serious 
moment  occurs,  it  pays  to  reduce  the  boiler  pressure  so  as  to 
avoid  this  excessive  cylinder  condensation,  which  may  be  the  cause 
of  gjeat  losses  in  fuel.  The  point  at  which  it  may  become  eco- 
nomical to  reduce  boiler  pressure  depends  upon  many  things, 
including  the  type  of  the  engine.  Dugald  C.  Jackson. 

Yes.  G.  H.  CusHMAN. 

Yes.  W.  P.  Hancock. 

The  mean  effective  pressure  will  vary  as  the  load.  The 
question  therefore  is,  will  the  low  mean  effective  pressure  be  more 
economically  produced  by  correspondingly  low  boiler  pressure,  or 
by  maintaining  the  boiler  pressure  and  reducing  the  mean  effec- 
tive pressure  by  an  early  cut-off?  As  by  the  former  method 
the  engine  would  be  operating  at  more  nearly  its  full-load  con- 
dition and  therefore  higher  on  the  efficiency  curve,  it  is  probable 
that  if  the  light-load  period  were  of  sufficient  duration  a  lower 
boiler  pressure  would  be  economical.  W.  H.  Whitton. 

H  26.  What  per  cent  of  loss  should  be  figured  between  the 
indicated  horse-power  of  a  Corliss  engine  at  100  r.p.m.  and  a 
felted  generator  at  476  r.p.m.  at  60  per  cent  load  and  full  load  ? 

This  depends  upon  the  friction  load.  As  a  rule  it  is  safe 
to  figure  that  100  kilowatts  at  the  switchboard  will  equal  150 
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horse-power  at  the  engine  if  the  friction  load  of  jack  shafts  is 
not  excessive.  Geo.  W.  Richardson. 

About  25  per  cent  at  half  load  and  10  per  cent  at  full  load. 

G.  Wilbur  Hubley. 

The  ratio  of  actual  to  indicated  horse-power  in  the  case  of  a 
moderately  large  sized  unit  would  be  from  75  to  80  per  cent. 
The  efficiency  of  the  generator  should  be  from  85  per  cent  at 
half  load  to  92  or  93  per  cent  at  full  load.  This  makes  the  total 
loss  about  44  per  cent  at  half  load  and  26  per  cent  at  full  load. 

C.  F.  Haywood. 

Three  efficiencies  being  involved  at  each  load — that  is,  of 
the  engine,  of  the  dynamo,  and  of  the  belt  transmission — ^the 
condition  of  the  apparatus  would  determine  largely  the  loss. 
Why  not  indicate  the  engine  and  read  the  terminal  current  and 
voltage  and  thus  get  the  information  direct? 

W.  H.  W.,  N.  Y.  Ed.  Co. 

H  27.  Is  not  the  small  belted  unit  for  stations  np  to  400-hp 
with  short  load  peak  and  30  to  100-kw  all-night  load,  more 
economical  than  larger,  200  to  400-kw  nnits,  direct-connected, 
where  fnel  is  only  $1.00  per  ton?  Does  it  not  make  a  more 
flexible  station  to  operate,  with  less  liability  to  disablement? 

Yes;  either  small  belted  or  direct-connected  units  would 
make  a  more  flexible  station  to  operate. 

Geo.  W.  Richardson. 

Yes,  under  conditions  of  load  as  specified. 

G.  Wilbur  Hubley. 

The  actual  operating  expenses  of  any  plant  are  but  a  small 
percentage  of  the  total  gross  costs,  and  in  your  case  are  excep- 
tionally low.  If  your  present  equipment  is  economically  designed 
and  maintained  as  regards  leaks  in  steam  mains,  etc.,  it  will  cer- 
tainly not  pay  yon  to  install  the  large  units. 

C.  F.  Haywood. 
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This  makes  a  more  flexible  station  to  operate  and  might  in 
some  cases  make  a  more  economical  one,  but  would  increase 
rather  than  lessen  the  liability  of  disablement. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


Why  not  have,  say,  one  200,  one  100  and  one  So-kilowatt 
unit,  direct-connected?  This  would  be  both  economical  and  flexi- 
ble, the  objectionable  feature  being  the  necessity  of  keeping  on 
hand  three  sets  of  duplicate  parts.       W.  H.  W.,  N.  Y.  Ed.  Co. 

H  28.  Why  do  stations  continue  to  ose  the  most  uneco- 
nomical engines  for  20  hours  of  the  day  and  the  best  of  power 
for  the  four  hours  remaining? 

This  is  usually  the  result  of  providing  for  the  future  needs 
of  a  city,  rather  than  the  present.  There  are  few  plants  whose 
loads  do  not  increase  steadily,  with  prospects  of  their  day  load 
growing,  and  it  is  to  meet  these  conditions  that  uneconomical 
engines  are  sometimes  installed  when  plant  is  built.  As  good 
practice,  however,  it  can  hardly  be  recommended ;  it  is  far  better 
to  make  ample  provision  in  building,  and  add  boilers  and  engines 
as  required.  Chas.  H.  Peters. 

Often  because  of  the  fashion  for  large  units,  resulting  in 
the  purchase  of  units  so  large  that  they  can  be  loaded  advan- 
tageously for  only  a  few  hours  per  day.  In  extension  of  small 
and  even  moderate-sized  power-houses  it  is  usually  advisable 
to  select  a  size  and  type  of  unit  that  will  give  best  results  during 
the  18  or  20-hour  period  and  to  use  the  older  and  less  economical 
units  during  the  short-hour  period  only,  even  though  this  may 
mean  a  little  more  boiler  capacity  in  peak  months,  or  the  buying 
of  two  smaller  instead  of  one  large  unit.  P.  Junkersfeld. 

Because  the  efficiency  of  a  poor  engine  is  better  at  full  load 
and  the  greatest  economy  is  obtained  by  the  best  engine  at  light 
load.  Fred  B.  Sharpe. 

It  is  a  lack  of  good  judgment.  G.  H.  Cushman. 
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This  is  practically  answered  by  the  answer  to  the  foregoing 
question.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Perhaps  because  they  don't  read  the  Question  Box  and  its 
replies.  W.  H.  Whitton. 

E  29.  What  ohanges  are  necessary  in  a  Corliss  engine  with 
donble  eccentric,  to  get  more  compression  in  the  crank  end  of 
cylinder  when  the  reach  rod  from  wrist  plate  to  exhanst  yalve 
has  been  adjusted  all  that  it  will  allow  f 

Shift  exhaust  eccentric  ahead  on  shaft,  making  its  action 
earlier;  you  can  then  get  the  adjustment  you  desire. 

G.  H.  CUSHMAN. 

Turn  eccentric  ahead  and  readjust  reach-rods. 

E.  W.   FURBUSH. 

Reduce  clearance  in  crank  end,  or  give  exhaust  eccentric 
more  lead  and  readjust  valves  by  indicator. 

J.  H.  Robinson. 

Advance  eccentric  on  shaft,  shorten  rod  on  head,  and  exhaust 
and  lengthen  rods  on  both  steam  valves. 

The  Philadelphia  Elec.  Co. 


I 

TURBINES 

I  1.  How  far  is  it  profitable  to  carry  the  superheating  of 
steam  for  use  in  turbines  f 

On  the  continent  of  Europe  it  is  well  known,  because  of  the 
extensive  experience  with  turbines  and  superheated  steam,  that 
the  higher  the  degree  of  superheat  supplied  in  the  turbine  itself, 
the  higher  the  efficiency.  Temperatures  of  superheat  up  to  300 
degrees  and  more  are  commonly  used,  while  in  this  country  and 
in  England  150  degrees  of  superheat  is  commonly  considered  the 
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maximum  for  favorable  operation.  This  150  degrees  of  super- 
heat is  supplied  at  the  boiler,  so  the  turbine  is  supplied  with  dry 
saturated  steam,  not  with  superheat. 

The  writer  wishes  to  point  out  the  fact  that  European  experi- 
ments have  proven  that  for  every  nine  degrees  Fahrenheit  of 
superheat  supplied  to  the  turbine,  a  decrease  of  one  per  cent  in 
the  steam  consumption  is  obtained.  Franz  Koester. 

Two  hundred  degrees  Fahrenheit  is  about  the  limit  of  prac- 
tice to-day.  I.  E.  Moultrop. 

I  2.  What  steam  pressure  and  what  degree  of  superheat  are 
best  suited  to  steam  turbines? 

One  hundred  and  seventy-five  pounds  pressure  and  300 
degrees  superheat.     (See  also  answer  to  I  i.) 

Franz  Koester. 

Average  conditions  are  175  pounds  steam  pressure  and  150 
degrees  superheat.  I.  E.  Moultrop. 

I  3.  In  what  percentage  does  the  degree  of  yacnum  and  of 
superheating  affect  the  economy  of  turbines  f 

The  observation  and  research  of  the  writer  regarding  500- 
kw  and  looo-kw  two-stage  turbines,  indicate  that  for  each  inch 
of  vacuum  above  26  inches  about  1.25  per  cent  to  1.5  per  cent  is 
gained  in  efficiency,  and  that  with  superheat  of  100  to  125  degrees 
Fahrenheit  on  150  pounds  steam  pressure,  from  seven  to  eight 
per  cent  gain  in  efficiency  may  be  expected. 

C.  F.  Hewitt. 

See  answer  to  I  i.  Franz  Koester. 

Would  refer  you  to  March  number  of  Practical  Engineer. 

C.  F.  Haywood. 

The  gain  in  economy  due  to  superheat  and  vacuum  of  tur- 
bines varies  with  the  design  of  the  turbine  and  the  make,  and, 
apparently,  is  not  subject  to  any  method  of  calculation. 

I.  E.  Moultrop. 
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Above  25  inches,  every  additional  inch  of  vacuum  reduces 
the  consumption  of  steam  by  about  three  per  cent.  The  first 
100  degrees  of  superheat  reduce  the  steam  consumption  by  7.5 
per  cent  and  the  first  150  degrees  by  10  per  cent. 

George  Howe. 

I  4.  What  are  the  arguments  for  and  against  steam  turbines 
as  compared  with  reciprocating  engines  when  same  are  to  be 
operated  non-condensing  f 

The  first  cost,  attendance,  and  space  occupied,  of  the  turbine 
versus  the  reciprocating  engine,  when  both  are  non-condensing, 
are  all  in  favor  of  the  turbine.  I.  E.  Moultrop. 

The  claim  is  made  for  a  Soo-hp  Rateau  turbine  set  that  when 
running  without  load,  the  dynamo  being  excited,  the  steam  con- 
sumption was  10  per  cent  of  the  full-load  consumption,  whereas 
a  reciprocating  engine  would  take  15  to  25  per  cent.  At  full 
load  this  turbine  uses  21.1  pounds  of  steam  per  kw-hour,  a  very 
low  figure  for  an  engfine  of  this  size.  In  the  light  of  other  tests, 
however,  it  is  doubtful  if  the  turbine  is  actually  more  economical 
of  steam  to  any  marked  degree  than  the  reciprocating  engine. 

W.  H.  Whitton. 

The  steam  turbine  is  less  economical  than  the  reciprocating 
engine  where  operating  non-condensing.  Therefore,  where 
economy  is  a  prime  consideration,  its  adoption  would  be  inad- 
visable. Its  low  first  cost,  simplicity  of  construction  and  opera- 
tion, compactness,  and  high  speed,  will  no  doubt  cause  it  to 
continue  to  make  deep  inroads  into  the  steam  engine's  field  for 
this  class  of  work.  George  Howe. 

I  8.  Would  it  be  advisable  to  use  steam  turbines  where 
the  exhaust  steam  is  used  for  heating,  giving  a  back  pressure  of 
3  to  10  pounds  ? 

The  company  with  which  the  writer  is  connected  operates 
a  combined  railway,  lighting  and  steam-heating  plant,  and  has 
found  the  steam  turbine  to  be  altogether  unsuited  for  operation 
against  any  back  pressure  whatsoever,  from  an  economical  stand- 
point. C.  F.  Hewitt. 


I  6  I— TURBINES  127 

I  6.  With  a  load  factor  of  about  40  per  cent,  with  a  jet 
condenser  giving^  an  average  of  26  inches  vacnnm,  would  a  400-kw 
steam-turbine  set  operate  as  cheaply,  fixed  expenses  included, 
as  a  compound  Corliss  non-condensing  engine? 

There  is  a  growing  impression  that  at  the  present  time 
steam  turbines  in  sizes  less  than  looo-kw  can  not  compete  suc- 
cessfully with  reciprocating  engines.  (Unsigned.) 

Steam-turbine  set  should  operate  under  these  conditions 
from  six  to  ten  per  cent  below  the  engine  costs. 

The  Philadelphia  Elec.  Co. 

Depends  on  cost  of  fuel  and  other  conditions.  Generally,  if 
fuel  is  high,  yes;  if  very  low  and  other  conditions  peculiar,  the 
engine  might  be  preferable.  P.  Junkersfeld. 

I  7.  Is  the  steam  turbine  advisable  for  small  stations  ?  State 
minimum  sise  of  units. 

No.     Minimum  size,  1500-kilowatt. 

G.  Wilbur  Hubley. 

If  steam  consumption  alone  were  considered,  it  is  a  ques- 
tion if  turbines  of  any  size  would  receive  the  preference  over 
reciprocating  engines,  as  they  have  yet  to  demonstrate  any 
marked  superiority  in  that  respect.  In  the  matter  of  space, 
simplicity,  attendance,  supplies,  and  perhaps  repairs,  the  tur- 
bine appears  to  have  the  advantage.  It  would  hardly  seem 
advisable  to  install  turbine  units  of  less  than  200  horse-power 
and  larger  sizes  only  if  superheated  steam  and  condensers  are 
to  be  used.  W.  H.  Whitton. 

I  8.  Are  turbines  of  smaU  capacity  as  efficient  under  variable 
loads,  such  as  exist  in  a  small  railway  power-house,  as  small 
steam  engines  of  the  same  capacity? 

I  9.  Will  some  of  the  companies  who  are  operating  steam 
turbines  give  the  pounds  of  coal  (giving  B.  t.  u.  per  pound) 
necessary  to  produce  a  kilowatt-hour  at  the  switchboard? 

Refer  to  report  of  the  writer  to  committee  on  Steam  Tur- 
bines. C.  F.  Hewitt. 
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I  10.  Does  a  steam  turbine  require  more  or  less  pounds  of 
steam  per  kilowatt-hour  output  at  switchboard  than  same  size 
unit  Corliss  compound-condensing^  engine,  both  running  at  176 
pounds  steam  pressure,  150  degrees  Fahrenheit  superheat,  and 
27-inch  vacuum  f 

Under  the  given  conditions  a  steam  turbine  would  show  a 
lower  steam  consumption  than  would  a  Corliss  compound  engine. 
The  guarantees  for  the  7500-hp  Allis-Chalmers  Corliss  engines 
for  the  Interborough  Rapid  Transit  and  Manhattan  power  plants 
in  New  York  are,  respectively,  12.25  ^ind  13.0  pounds  per  indi- 
cated hp-hour,  while  that  for  the  5500-kw  Westinghouse-Parsons 
turbine  for  the  London  underground  road  at  full  load  is  13.2 
pounds  per  effective  hp-hour;  or,  assuming  an  efficiencv  of  85 
per  cent,  11.2  pounds  per  indicated  hp-hour.  For  the  5000-kw 
Brown-Boveri-Parsons  turbine  for  the  Paris  underground  road, 
the  guarantee  is  9.5  pounds  per  indicated  hp-hour.  The  vacuum 
and  pressure  in  the  two  latter  are  the  same,  while  the  superheat 
in  the  latter  is  approximately  double  that  used  in  the  former. 

Franz  Koester. 

The  steam  turbine  in  average  sizes  should  be  about  as  eco- 
nomical in  pounds  of  water  per  kilowatt-hour  as  the  reciprocat- 
ing engine.    In  the  large  sizes  it  ought  to  be  a  little  better. 

I.  E.   MOULTROP. 

I  11.  What  is  the  momentary  and  sustained  overload 
capacity  of  the  steam  turbine  compared  with  that  of  the  Corliss 
engine? 

We  have  found  that  our  turbine  will  stand  50  per  cent 
momentary  and  sustained  overload.  We  could  not  get  this  with 
our  Corliss  engines.  United  Elec.  Lt.  Co. 

The  efficiency  of  turbines  is  not  supposed  to  vary  so  greatly 
either  side  of  the  rated  load  as  does  that  of  engines. 

(Unsigned.) 

Momentary  and  sustained  overload  capacity  of  steam  tur- 
bines  in   our  experience  much   greater   than   those   of   Corliss 
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engine.    Regulation  under  both  conditions  far  superior  to  engine 
results.  The  Philadelphia  Elec.  Co. 

I  12.  Is  not  the  inertia  governor  better  adapted  for  steam, 
turbines  than  the  purely  centrifugal  governor? 

I  13.  How  long  will  steel  bnckets  in  steam  turbines  with- 
stand the  effects  of  wet  steam,  pressure  140  pounds,  before  they 
wear  sufficiently  to  decrease  the  steam  economy  by  10  per  cent  t 

There  does  not  appear  to  be  any  appreciable  wear  on  the 
buckets  of  the  turbine.  I.  E.  Moultrop. 

I  14.  (a)  What  is  the  wear  on  turbine  vanes,  and  how 
does  this  change  their  clearance,  and  (b)  what  type  of  turbine 
is  least  affected  by  change  in  clearance? 

Both  types  of  turbines  require  attention  as  to  the  adjust- 
ment of  the  clearances.  When  these  are  properly  made  they 
should  give  no  trouble.  I.  E.  Moultrop.     , 

I  16.  What  difficulties  have  developed  in  the  practical  opera*« 
tion  of  steam  turbines? 

Up  to  date  the  troubles  and  defects  encountered  in  the  use* 
of  steam  turbines  appear  to  be  remarkably  small  and  of  no  great 
moment.  I.  E.  Moultrop. 

I  think  the  importance  of  steam-turbine   trouble  is  over- 
estimated, though  it  is  freely  admitted  by  the  manufacturers  that- 
they  have  had  trouble.     Every  fully-developed  machine  repre-^ 
sents  the  graclual  elimination  of  defects  arising  in  its  predecessors. 
It  is  therefore  unfair  to  condemn  a  machine  on  account  of  real' 
or  fancied  difficulties  that  have  arisen  and  been  eliminated.    Some- 
writers  condemn  the  turbine  on  account  of  blades  stripping  and* 
bearings  cutting,  mechanical  unbalancing,  and  so  on,  but  I  do 
not  know  what  turbines  they  refer  to.    If  they  had  closely  investi- 
gated the  reports  from  plants  operating  a  well-known  type  of  tur- 
bine in  Europe  and  plants  having  turbines  of  similar  type  in  this 
country  I  do  not  think  they  would  feel  justified  in  their  conten- 
tions.   All  the  trouble  that  has  arisen  from  the  above  was  in  no* 
V.  2-9 
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manner  due  to  faulty  turbine  design,  but  to  distortion  of  casings 
by  expanding  exhaust  pipes  and  in  no  case  have  the  bearings  of 
a  turbine  of  this  type  been  known  to  heat  or  cut.  This  turbine 
is  designed  with  sufficient  bearing  area  to  support  the  weight 
of  the  rotating  parts  without  the  use  of  oil  under  pressure,  and 
the  oil  is  circulated  by  the  turbine  itself,  so  that  it  is  impossible 
for  the  oil  supply  to  shut  off  while  the  turbine  is  running. 
Engines  also  have  their  trouble  from  this  cause,  cylinders  and 
valves  cut,  governors  get  out  of  order  even  to  the  extent  of 
fly-wheels  bursting  and  finally  wrecking  the  engine.  All  well- 
ordered  plants  have  hose  available  for  submerging  hot  engine 
hearings.  Mechanical  unbalancing  in  the  turbine  creates  dis- 
turbances to  the  extent  of  not  requiring  massive  foundations  and 
holding-down  bolts,  as  in  the  engine. 

The  wearing  of  the  blades  from  erosion  of  steam  is  fre- 
quently advanced  as  an  argument  against  the  turbine.  To  be 
sure  everything  depends  on  the  design,  but  experience  shows  that 
in  general  the  wear  does  not  represent  an  excessive  rate  of  depre- 
ciation on  the  turbine  as  a  mechanism.  The  only  points  where 
the  turbine  has  not  met  the  engine  are  extremely  low  speeds  and 
belted  units.  Both  are  characteristic  of  passing  engineering  prac- 
tice rather  than  present.  We  will  all  agree  that  the  steam  con- 
sumption of  the  turbine  is  a  disappointment. 

S.  C.  Foster. 

J 
DISTRICT  HEATING 

J  1.  Does  steam  reduced  from  100  pounds  to  1  pound  throug^h 
a  reducing  valve  contain  more  heat  than  steam  from  exhaust 
at  one  pound,  or  than  steam  g^enerated  at  one  pound;  if  not, 
what  becomes  of  the  energy  that  is  apparently  lost? 

It  will  contain  more  heat  if  a  reducing  valve  is  used. 

Geo.  W.  Richardson. 

There  is  very  little  apparent  energy  lost  with  the  loo-pound 
pressure  on  boilers  over  that  required  at  one  pound  pressure. 
The  heat  units  contained  in  a  pound  of  steam  of  one  pound 
pressure  being  about  1 148.  while  at  100  pounds  pressure  a  pound 
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of  steam  contains  1185.  Comparing  the  steam  of  one  pound 
pressure  reduced  from  100  pounds  through  a  reducing  valve 
to  exhaust  in  engine,  we  can  find  but  little  difference,  as  the 
engine  is  simply  acting  as  a  reducing  valve. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Yes ;  it  has  effect  of  superheating. 

G.  Wilbur  Hubley. 

One  pound  (by  weight)  of  steam  reduced  from  100  pounds 
(gauge  pressure)  to  one  pound  (gauge  pressure)  contains  more 
heat  than  steam  from  exhaust  at  one  pound  (gauge  pressure)  or 
than  steam  generated  at  one  pound  (gauge  pressure).  The  energy 
apparently  lost  is  not  lost  by  reducing  the  pressure  (assuming 
no  work  done),  but  superheats  the  steam  at  the  lower  pressure. 

Saturated  exhaust  steam,  or  generated  steam  at  16  pounds 
absolute  pressure  (1.3  gauge  pressure)  contains  a  total  of  1 147.9 
B.  t.  u.  (above  32  degrees  Fahrenheit)  per  pound  weight  of 
steam.  Saturated  steam  at  115  pounds  absolute  pressure  (100.3 
gauge  pressure)  contains  a  total  of  1185  B.  t.  u.  (above  32 
degrees  Fahrenheit)  per  pound  weight  of  steam.  The  difference 
(1185  —  1 147.9  =  37*^  B.  t.  u.)  goes  into  superheating  the 
low-pressure  steam.  F.  N.  Jewett. 

Steam  under  these  conditions  usually  does  contain  more 
heat  units  than  exhaust  steam.  Part  of  the  surplus  heat,  how- 
ever, is  frequently  used  in  vaporizing  the  moisture  of  the  steam 
where  it  was  moist;  part  is  also  radiated  from  the  reducing 
valve  and  pipe  connected  thereto.  George  Howe. 

Steam  reduced  from  100  pounds  to  one  pound  through  a 
reducing  valve  contains  more  heat  than  if  generated  at  one 
pound  in  boiler,  or  steam  from  exhaust  at  one  pound,  because 
it  is  superheated.  H.  C.  Hall. 

There  is  no  reducing  valve  manufactured  that  contains 
enough  surface  to  radiate  the  very  considerable  amount  of 
heat  that  is  set  free  in  reducing  steam  from  a  pressure  of  100 
pounds  on  one  side  of  the  valve  to  one  pound  on  the  other 
side.     As  only  a  small  portion  of  this  heat  can  be  radiated,  it 
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necessarily  follows  that  the  steam  at  one  pound  pressure  carries 
more  heat  than,  so  to  speak,  it  is  entitled  to  carry  by  its  press- 
ure, or,  in  other  words,  it  is  superheated.  That  this  state- 
ment is  based  upon  actual  fact  has  been  demonstrated  in  prac- 
tice, where  a  considerable  economy  in  operation  has  resulted 
in  live-steam  plants,  when  the  boiler  pressure  has  been  increased 
to  pressures  approximating  80  to  100  pounds,  passing  steam 
through  a  reducing  valve  and  reducing  its  pressure  to  from 
5  to  15  pounds  in  the  mains;  whereas  former  practice  was  to 
have  the  boiler  pressure  and  the  line  pressure  the  same. 

American  District  Steam  Co 

J  2.  Does  district  heating  justify  the  expenditure  in  towns 
where  heat  does  not  have  to  be  distributed  further  than  1000 
feet  from  the  central  station,  where  the  heating  amounts  to 
between  60,000  and  100,000  square  feet  ? 

It  depends  on  local  conditions  of  load,  cost  of  fuel,  type  of 
generating  apparatus,  kind  of  system,  and  price  obtained  for 
heat  service.    Generallly  speaking,  it  would  pay. 

F.  N.  Jewett. 

The  returns  from  district  heating  would  certainly  justify 
the  cost  of  installation  under  the  conditions  named,  provided 
there  is  sufficient  waste  exhaust  steam  to  supply  the  heat 
required.  H.  T.  Hartman. 

I  should  say  yes,  especially  if  you  have  exhaust  steam 
for  part  of  the  time.  The  distance  you  mention  is  very  short 
and  there  ought  to  be  but  small  loss  in  the  underground  line. 

N.  Wallace. 

This  question  can  only  be  answered  by  parties  interested 
estimating  that  they  can  obtain  from  $3.00  to  $4.00  per  thou- 
sand cubic  feet  of  space  heated  during  the  season  when  heat  is 
required.  If  the  revenue  received  will  not  justify  the  invest- 
ment, it  will  not  be  a  success.  C.  R.  Maunsell. 

Short  distances  are  necessary  to  profitable  operation.  The 
question  of  average  load  and  whether  the  plant  runs  condensing 
or  not  are  deciding  factors.  R.  N.  Kimball. 
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Emphatically  yes.  The  probabilities  are  that  the  income 
derived  from  the  sale  of  heat  with  a  meter  rate  of  50  cents  per 
1000  pounds  would  amount  to  between  25  and  30  cents  per 
square  foot  of  radiation  per  season,  provided  the  climatic  con- 
ditions of  the  town  in  question  were  similar  to  those  in  towns  in 
Ohio,  Indiana,  Illinois,  et  ccetera.  The  total  income  to  be  derived 
from  the  sale  of  heat  with  this  amount  of  radiation  connected 
would,  therefore,  lie  between  $15,000,  on  a  basis  of  50,000  square 
feet  connected,  and  $30,000  on  a  basis  of  100,000  square  feet 
connected.  It  is  unusual  to  find  so  large  an  amount  of  radia- 
tion located  so  closely  adjacent  to  the  station  as  in  the  illustra- 
tion given  in  this  question.  H.  C.  Eddy. 

J  3.  Does  district  heating  pay  if  yon  go  beyond  the  amount 
of  exhaust  steam  fnmidied  by  yonr  engines;  if  10,  at  what 
price?    (Give  price  and  heat  valne  of  coal.) 

No.  G.  Wilbur  Hubley. 

Depends  on  local  conditions ;  investment ;  type  of  apparatus ; 
whether  or  not  extra  labor  is  required;  kind  of  system  used. 
Generally  speaking,  however,  the  following  prices — which  are 
approximate — should  be  obtained  where  live  steam  must  be 
used  to  supplement  available  exhaust.  Coal  is  assumed  as  having 
12,000  B.  t.  u.  per  pound,  and  at  $2.00  per  ton  equals 

For  hot-water  heat,  20  cents  per  square  foot  per  year. 
For  steam  heat,  35  cents  per  square  foot  per  year. 

F.  N.  Jewett. 

Where  the  local  conditions  are  proper,  district  steam  heating 
can  be  made  a  profitable  business  by  itself,  as  witnessed  by  the 
financial  success  of  a  considerable  number  of  live  steam  heating 
companies.  The  price  that  can  be  secured  for  heating  service — 
sufficient  to  pay  profit — depends  upon  too  many  different  factors, 
which  vary  in  different  localities,  to  make  it  possible  to  make  any 
accurate  statement  that  will  be  generally  applicable,  further  than 
to  say  that  the  operating  cost,  including  all  factors,  should  not 
exceed  50  per  cent  of  the  gross  receipts. 

American  District  Steam  Co. 
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I  know  of  but  one  cause  if  the  system  is  well  put  in,  and  that 
is  leakage  of  air  in  some  part  of  the  system  or  through  the  piston 
of  the  pump.  N.  Wallace. 

Theoretically,  yes ;  practically,  after  five  years'  experience,  no. 
Coal  $2.60  13,000  B.  t.  u.  We  increased  our  business  40  per  cent 
and  found  poorer  results,  we  decreased  it  again  and  made  more 
money  and  gave  more  satisfactory  service.  R.  N.  Kimb.\ll. 

J  4.  Will  it  be  a  proper  things  to  put  a  centrifugal  pump 
on  the  return  main  of  a  hot-water  main  that  has  a  back  pressure 
of  10  pounds^  one  mile  away  from  the  station?  There  is  a 
sag  of  6  feet  in  our  main  at  that  point;  the  mains  are  of  same 
sise,  supply  and  return.    Most  of  this  distance  is  down  grade. 

No.  F.  N.  Jewett. 

J  8.  In  operating  district  steam-heating  plant  on  Paul 
vacuum  system,  we  find  it  impossible  to  maintain  vacuum;  what 
is  the  most  probable  re^on  for  same? 

To  operate  a  steam-heating  plant  successfully  on  the  Paul 
system  a  great  deal  depends  on  the  setting  of  the  air  inlet-valves 
on  each  radiator  for  the  proper  opening;  too  much  or  too  little 
will  be  detrimental  to  good  results;  also  there  may  be  small  but 
numerous  leaks  in  piping,  stuffing  boxes,  et  ccetera.  The  composi- 
tion plugs  on  radiators  may  need  renewing ;  all  these  being  in  good 
order,  there  ought  to  be  no  trouble  in  getting  from  12  to  15 
pounds  vacuum  with  a  very  small  opening  of  the  ejector. 

H.  C.  Hall. 


The  most  probable  reason  is  that  there  is  a  leak  somewhere 
in  the  air  line  or  that  some  of  the  air  valves  on  the  radiators 
are  out  of  order  and  do  not  properly  perform  their  function. 
The  remedy  would  be  to  make  a  thorough  examination  and  test 
of  the  air-line  fittings  and  also  to  determine  whether  or  not 
.sufficient  pumping  capacity  is  installed  to  properly  remove  the 
air  from  the  svstcm.  American  District  St£am  Co. 
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There  are  so  many  places  where  air  leaks  are  possible  that 
a  vacuum  is  hardly  to  be  expected.  H.  T.  Hartman. 

The  most  probable  cause  of  loss  of  vacuum,  in  our  experience, 
is  the  tampering  with  air  valves  by  the  occupants  of  the  buildings. 

C.  R.  Maunsell. 

J  6.  Under  what  conditions  does  district  heating^  from  a 
central  station  pay? 

A  large  amount  of  business  to  be  reached  with  short  mains, 
high-priced  domestic  coal,  and  the  exhaust  steam  to  furnish 
the  supply. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Only  under  conditions  of  limited  area  and  excess  of  mini- 
mum amount  of  exhaust  steam  available  throughout  the  season 
requiring  heat.  G.  Wilbur  Hubley. 

As  long  as  you  have  sufficient  exhaust  to  keep  pressure  in 
mains.  (  Unsigned.  ) 

A  good  round  price  for  service,  and  this  depends  on  local 
conditions.  No  rate  can  be  made  to  fit  all  conditions,  any  more 
than  can  a  rule  be  made  for  the  profit  in  electric  lighting.  What 
would  be  a  fair  price  in  one  city  would  be  low  in  another  and 
prohibitive  in  still  another.  F.  N.  Jewett. 

Where  the  net  balance  remaining  after  deducting  operating 
expenses  from  gross  receipts  returns  a  profit  on  the  investment 
necessary  to  secure  the  business  that  is  satisfactory  to  the 
investor.  This  is  rather  a  broad  statement  but  is  about  the 
only  one  that  can  be  made  generally  applicable.  To  approxi- 
mately determine  in  advance  whether  a  district  steam-heating 
system  can  be  made  to  pay  a  satisfactory  return  on  the  invest- 
ment, requires  a  careful  study  of  the  conditions  present  in  the 
particular  locality  under  consideration.*  These  local  conditions, 
including  average  temperature,  length  of  season,  cost  of  steam 
and  domestic  fuel,  character  of  population,  character  of  busi- 
ness served,  whether  business  buildings  or  residences,  whether 
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live  or  exhaust  steam  must  be  used,  and  if  both,  in  what  rela- 
tive quantity,  amount  of  street  mains  necessary  to  reach  the 
business,  all  vary  within  such  wide  limits  that  it  is  hardly  pos- 
sible to  generalize.  American  District  Steam  Co. 

J  7.  (a)  Has  any  one  tried  aging  a  double  expansion  joint 
t>n  the  steam  mains,  instead  of  the  variators?  If  so,  with  what 
snocess?  (b)  Have  they  been  able  to  insulate  the  mains  from 
the  frost  as  weU  with  this  as  where  bricked  over  in  the  manner 
in  which  the  variators  are  covered? 

We  have  had  both  variators  and  double  and  single-expansion 
joints  on  our  heating  system  for  the  past  three  years,  and  have 
had  no  trouble  with  either.  Our  slip  joints  are  in  manholes. 
Joints  are  first  covered  over  with  asbestos  paper,  then  filled  in 
with  from  six  to  eight  inches  of  sawdust  or  mineral  wool. 

The  Colorado  Springs  Elec.  Co. 

Yes.  Double-expansion  joints  are  frequently  used  instead 
of  variators.t  They  are  best  adapted  for  use  in  lines  where 
service  connections  are  not  frequently  made,  as  a  double-expan- 
sion joint  will  take  care  of  the  expansion  of  very  much  more 
pipe  than  will  a  variator.  They  can  not,  however,  be  bricked 
over  as  variators  can,  but  must  be  enclosed  in  a  manhole  so 
that  access  may  be  had  to  them  for  packing.  The  cost  of  main- 
tenance, barring  accidents,  is  higher  than  for  variators. 

American  District  Steam  Co. 

I  do  not  quite  understand  what  you  mean  by  variators — 
it  is  a  term  not  used  here;  but  as  for  expansion  joints,  either 
double  or  single,  I  should  not  use  them  if  it  could  be  avoided. 
I  like  what  we  call  a  swing  expansion  or  oflFset.  If  properly 
put  in  and  of  good  length,  using  two  L's  and  a  short  nipple 
at  each  end  of  the  offset,  they  give  no  trouble ;  but  don't  attempt 
to  economize  by  using  a  single  L  at  each  end.      > 

N.  Wallace. 

J  8.  Will  it  be  good  investment  to  install  heating  system  in 
a  town  of  8000,  laying  2000  feet  of  pipe,  no  day  load  bnt  sta- 
tion running  16  hours  per  day,  with  peak  from  150  to  200 
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kilowatts,  slack  at  50  cents  in  bin,  domestic  coal  at  $2.80?  Town 
already  has  a  number  of  steam-heating  plants  in  business  houses. 

Yes,  if  proper  price  is  charged  for  service.  More  detailed 
data  would  be  required  to  enable  one  to  say  just  what  that 
price  should  be.  F.  N.  Jewett. 

Generally  speaking,  it  would  not  be  a  good  investment  to 
install  a  central-station  heating  system  in  a  town  of  5000  inhabi- 
tants, with  no  day  load.  If  your  plant  is  centrally  located  and 
you  could  furnish  all  your  customers  with  exhaust  steam,  it 
would  possibly  pay;  otherwise  we  think  not. 

\  E.  F.  McCabe. 

On  the  face  of  it,  the  conditions  seem  favorable;  local  con- 
ditions would  have  to  determine  definitely. 

American  District  Steam  Co. 

A  heating  system  would  be  practically  certain  to  show  a 
loss  under  the  conditions  named.  H.  T.  Hartman. 

J  9.  Is  there  a  meter  for  steam  heating^  that  gives  reason- 
ably accurate  results  and  reliable  service  f 

No;  measure  the  water  of  condensation. 

Geo.  W.  Richardson. 

The  condensation  meter  used  for  steam-heating  installations 
will  give  very  fair  results,  but  the  reliability  is  not  all  that  can 

be  desired. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

The  writer  has  obtained  good  and  interesting  results  with 
the  simplex  condensation  meter  made  by  the  American  District 
Steam  Company,  through  careful  and  frequent  inspection. 

C.  F.  Hewitt. 

Yes :  American  District  latest  type  meter. 

(Unsigned.) 
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We  are  using  the  American  District  Steam  Company*s  sim- 
plex condensation  meter,  in  connection  with  cooling  coils,  with 
very  good  results.  The  Colorado  Springs  Elec.  Co. 


The  condensation  meter  has  been  improved  in  mechanical 
detail  and  during  the  past  heating  season  has  given  general 
satisfaction  to  those  using  it. 

American  District  Steam  Co. 


J  10.  What  is  the  economical  limit  of  distanoe  for  the  trans- 
mission of  heat  by  steam  or  hot  water  in  district  heating^?  What 
''head"  in  pounds  per  square  inch  is  required  per  1000  feet  of 
line  for  the  transmission  of  heat  by  steam  at  the  pressure 
employed  ? 

In  Colorado  Springs  the  City  Hall  is  about  3500  feet  from 
our  heating  plant.  At  20  degrees  below  zero  we  carried  seven 
pounds  back  pressure  at  plant  and  delivered  steam  at  four  pounds 
at  City  Hall,  which  gave  them  all  the  heat  necessary.  Street 
main  trapped  at  three  points. 

The  Colorado  Springs  Elec.  Co. 


The  economical  limit  of  distance  for  the  transmission  of 
heat  by  steam  depends  altogether  on  the  distribution  and  amount 
of  heating  business.  The  limit  of  distance  from  a  mechanical 
standpoint  has  not  been  found.  There  are  several  companies 
successfully  transmitting  steam  a  distance  of  approximately  two 
miles  radius  from  the  station  as  a  centre.  The  loss  in  press- 
ure, due  to  condensation,  friction  of  pipes,  et  ccetera,  is  much  less 
than  is  ordinarily  supposed  to  be  the  case,  and  depends  more 
upon  the  demand,  due  to  buildings  connected,  than  any  other 
cause.  In  one  instance,  a  steam  line  approximately  6000  feet 
long  without  re-enforcement  delivers  steam  at  the  extreme  end 
in  average  winter  weather  at  a  loss  in  pressure  of  from  one- 
quarter  to  one-half  pound ;  in  extreme  weather  with  a  loss 
from  one  and  one-half  to  two  pounds.  By  "extreme  weather'* 
is  meant  temperatures  ranging  considerably  below  zero  point. 

American  District  Steam  Co. 


J  II  J— DISTRICT  HEATING  139 

If  pipes  are  of  proper  size  the  loss  in  pressure  is  very  little. 
In  our  plant  we  have  one  line  supplying  heat  to  seven  build- 
ings, college  dormitories,  lecture-rooms,  library,  military  armor\', 
et  ccBtera.  Steam  main  is  2000  feet  long,  back  pressure  gauge 
and  heating-system  gauge  indicate  two  and  a  half  pounds  press- 
ure and  gauge  at  far  end  of  line  one  to  one  and  a  quarter  pounds. 

N.  Wallace. 

J  11.  To  what  extent  is  it  economical  to  supply  exhaust 
steam  for  heating? 

Enough  to  keep  the  back  pressure  of  the  engine  below  four 
or  five  pounds.  There  is  a  plant  at  Peoria,  111.,  using  exhaust 
steam  for  district  heating  where  they  tap  the  receiver  of  a 
cross-compound  Corliss  engine  direct  to  the  street  mains.  They 
have  an  adjustable  screw  and  vernier  to  adjust  the  cut-off  of 
the  low-pressure  cylinder  while  the  engine  is  in  operation,  and  I 
am  informed  that  it  meets  the  requirements  of  an  ideal  district- 
heating  system,  from  the  standpoint  of  both  economy  and  flexi- 
bility. Geo.  W.  Richardson. 

To  the  full  extent  of  the  exhaust,  if  business  is  within  reach 
of  short  mains.  Interest,  depreciation  and  repairs  on  investment 
of  service  pipes  and  mains  being  the  chief  expense  connected 
with  the  business. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

To  the  extent  only  of  the  amount  of  excess  of  available 
waste  exhaust  steam  under  the  minimum  conditions  of  the  heat- 
ing season.  G.  Wilbur  Hubley. 

If  the  town  is  small,  or  thickly  populated  in  proportion  to 
its  size,  and  there  are  a  large  number  of  steam-heating  users 
in  the  immediate  vicinity  of  the  central  station,  the  selling  of 
exhaust  steam  for  heating  purposes  might  prove  profitable. 
However,  if  the  heat  units  in  the  exhaust  steam  are  to  be  sup- 
plied for  heating  purposes,  I  believe  that  the  hot-water  system 
is  by  far  the  best,  as  the  engines  may  still  continue  to  be  oper- 
ated as  condensing  engines,  giving  up  the  latent  heat  in  the 
exhaust  steam  to  the  condenser  water,  and  this  water  be  circu- 
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lated  through  insulated  pipes  to  steam-heating  users  at  such  a 
moderate  temperature  that  radiation  from  these  pipes  will  be  very 
small.  Such  a  system,  I  understand,  has  been  most  successfully 
operated  at  Evanston,  Illinois.  George  Howe. 

The  real  meaning  of  this  question  is  not  altogether  clear. 
Taking  it  for  granted  that  the  questioner  desires-  to  know  to 
what  extent  it  is  advisable  to  carry  back  pressure  on  his  engine, 
would  say,  this  would  be  determined  very  largely  by  the  style 
of  engines  used.  So  long  as  operating  conditions  do  not  make 
the  cost  of  furnishing  exhaust  steam  exceed  the  cost  of  fur- 
nishing the  same  amount  of  live  steam,  everything  being  con- 
sidered, it  is  advisable  to  use  exhaust  steam  in  preference  to 
live  steam.  American  District  Steam  Co. 

J  12.  (a)  Is  it  not  time  to  place  ''district  heating"  in  its 
proper  place  as  a  business  by  itself?  (b)  Can  it  be  made  to 
pay  its  own  way?  (c)  What  is  the  ideal  method  of  making 
charges  for  this  ideal  heat?  (d)  Provided  regalation  at  plant 
is  good,  has  any  efficiency  been  gained  by  use  of  regolators  on 
houses  for  hot-water  heating,  from  actual  reliable  tests? 

(a)  No.  (b)  A  heating  plant  alone,  operated  purely  as  a  heat- 
ing plant,  can  not  be  made  to  pay  except  in  rare  and  isolated  cases. 
(c)  Meter  basis.    This  is  ideal,  but  more  "ideal"  than  practical. 

F.  N.  Jewett. 

District  heating  has  suffered  more  from  lack  of  intelligent 
management  than  from  anything  else,  and,  until  recently,  from 
the  absence  of  any  accurate  means  of  measuring  the  consump- 
tion of  steam.  Where  careful  and  intelligent  management  has  been 
given  district  steam-heating  plants,  uniformly  successful  results, 
from  a  financial  standpoint,  have  been  secured.  The  only  proper 
way  of  charging  for  heat  from  a  central  station  is  on  the  basis 
of  meter  measurement.  Heat  is  more  easily  wasted  than  any 
other  commodity  furnished  by  a  public-service  company.  A 
radiator  is  a  condenser  and  the  rate  of  condensation  of  steam 
in  a  radiator  is  directly  dependent  upon  the  temperature  of 
the  air  surrounding  the  radiator.  If  the  temperature  of  the 
surrounding  air  be  kept  at  a  low  point,  by  open  doors,  windows 
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or  the  like  conditions,  the  rate  of  condensation  is  immediately 
greatly  increased  over  normal  and  proper  conditions.  This  is 
done  without  warning.  If  gas  is  allowed  to  escape  from  a  gas 
jet,  its  odor  attracts  attention  at  once.  If  gas  is  burned  unnec- 
essarily, the  light  and  heat  produced  serves  as  a  reminder  to 
the  customer  and  it  is  turned  off.  If  electricity  is  used  for 
illuminating  or  power  purposes,  its  use  is  accompanied  by  cer- 
tain visible  phenomena  that  act  as  a  sort  of  alarm,  but  the 
rate  of  condensation  of  steam  in  a  radiator  may  be  almost 
instantly  increased  to  several  hundred  per  cent  of  the  normal 
rate,  through  a  current  of  cold  air  from  an  open  door  or  window, 
without  any  warning  being  g^ven.  Moreover,  no  two  consumers 
use  steam  in  the  same  quantity,  even  under  similar  conditions, 
and  it  is  manifestly  unjust  to  charge  the  same  rate  to  different 
consumers  for  widely  different  amounts  of  consumption. 

American  District  Steam  Co. 


For  the  past  three  years  the  Committee  on  District  Heating 
has  been  endeavoring  to  make  a  place  for  this  valuable  adjunct 
to  light  and  power  business  and  will  be  glad  to  receive,  from  any 
one,  suggestions  that  may  prove  of  interest  to  the  members 
engaged  in  this  branch  of  business.  It  certainly  can  be  made 
to  pay  its  own  way. 

The  ideal  method  of  charging  for  heating  is  the  meter  sys- 
tem, supplemented  by  supervision  of  the  installation  to  guard 
the  customer's  utilization  of  all  heat  units  delivered  to  the  build- 
ingj  Thermostatic  regulators,  if  inspected  occasionally,  give 
good  results,  both  in  the  regulation  of  temperature  and  the 
saving  of  expense  for  heating.  C.  R.  Maunsell. 

The  ideal  method  of  charging  is  a  combination  of  meter  and 
flat  rate  based  on  square  foot  of  radiation  required  for  steam 
plants.  There  is  a  large  class  of  business  in  which  the  average 
meter  use  would  not  justify  the  necessary  investment  in  station 
capacity.  A  readiness-to-serve  charge  must  be  made  in  addition 
to  meter  rates. 

Efficiency  has  been  gained  in  hot-water  plant  by  the  use 
of  the  thermostat;  40  per  cent  of  the  amount  of  water  pumped 
has  been  saved.  R.  N.  Kimball. 
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J  13.  Which  is  the  better  plan  where  a  new  lighting  and 
power  company  is  establishing  a  station  with  an  expected  annual 
load  factor  of  30  per  cent,  24  hours'  lighting  service — ^to  operate 
the  heating  system  with  live  steam  and  engines  of  the  highest 
possible  efficiency  for  generating  current,  or  to  use  engines  of 
lower  efficiency,  utilizing  exhaust  for  heating? 

The  question  of  operating  the  combined  heating  and  light- 
ing station  was  thoroughly  experimented  on  by  the  writer  some 
six  years  ago.  After  a  series  of  exhaustive  tests  it  was  found 
that  the  general '  station  economy  was  very  much  improved  by 
using  engines  of  high  efficiency,  heating  the  feed  water  from  the 
exhaust  of  the  engines,  and  not  attempting  to  put  any  back 
pressure  whatever  on  the  engines  by  forcing  the  exhaust  through 
steam-heating  mains.  This  test  covered  high  and  low-efficiency 
engines,  with  engines  running  condensing  to  running  with  as 
high  as  7.5  pounds  back  pressure.  W.  L.  K. 

The  peak  of  the  daily  heating  load  comes  during  the  early 
morning  hours.  The  peak  of  the  daily  lighting  load  comes 
during  the  late  afternoon  or  early  evening  hours.  This  means 
either  the  use  of  considerable  live  steam  for  the  heating  peak 
or  no  demand  for  considerable  exhaust  steam  at  the  lighting 
peak.  The  heating  demand  is  heavy  on  considerably  less  than 
one-half  of  the  total  hours  in  a  seven-month  heating  season. 
For  all  the  remaining  hours  of  the  entire  year,  engines  of  reason- 
ably good  steam  economy  are  advisable,  even  though  it  be  nec- 
essary to  use  some  live  steam  for  heating  for  a  short  time  in 
the  morning  on  cold  days.  P.  Junkersfeld. 

It  is  better  to  use  engines  of  lower  efficiency,  utilizing  the 
exhaust  for  heating.  See  answer  to  question  J  i.  It  will  be 
seen  that  but  little  of  the  total  heat  in  the  steam  can  be  taken 
out  in  useful  work,  even  in  a  theoretically  perfect  engine. 

F.  N.  Jewett. 

If  the  exhaust  can  be  all  used  for  heating,  the  engines  dur- 
ing the  heating  season  will  have  an  efficiency  of  nearly  100 
per  cent  and  the  class  of  engine  used  cuts  very  little  figure.  If 
enough  fuel  can  be  saved  during  the  warm  season  to  warrant 
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the  increased  investment  in  high-efficiency  engines  it  will  pay 
to  install  them,  otherwise  the  low-efficiency  engines  will  be  the 
proper  ones  to  use. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

This  is  a  question  of  supplying  heat  by  means  of  steam  in 
large  quantities  at  a  low  pressure  and  corresponding  tempera- 
ture rather  than  in  small  quantities  at  a  higher  pressure  and 
very  much  higher  temperature.  The  former  method  is  always 
desirable.  George  Howe. 

Depends  upon  length  of  heating  season  and  amount  of 
heating.  v  R.  N.  Kimball. 

J  14.  Why  is  better  circulation  secured  with  exhaust  steam 
at  any  pressure  than  with  live  steam  at  the  same  pressure  supplied 
through  a  reducing  valve? 

Exhaust  steam  is  not  a  steady  flow  and  tends  to  move  con- 
densed steam  along  to  openings;  also  destroys  eddies  and  dead- 
ends in  the  system.  The  Colorado  Springs  Elec.  Co. 

There  is  no  reason  why  exhaust  steam  should  circulate 
better.  F.  N.  Jewett. 

If  the  reducing  valve  is  in  good  condition,  the  circulation 
should  be  every  bit  as  good  as  with  exhaust  steam  at  the  same 
steam  pressure.  W.  H.  Whitton. 

T  16.  How  can  a  readiness-to-serve  charge  be  incorporated 
in  a  meter  rate  for  heating,  and  what  should  such  a  charge 
cover? 

The  readiness-to-serve  charge  should  be  based  on  the  size 
of  the  meter  required  for  the  installation  under  consideration, 
and  should  provide  for  not  less  than  seven  monthly  bills. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

Make  the  readiness-to-serve  charge  some  price  per  square 
foot  of  radiating  surface  connected.  Make  it  cover  all  fixed 
charges.  F.  N.  Jewett. 
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Readiness-to-serve  charge  should  be  based  on  square  feet 
of  radiation  necessary  under  the  local  temperature  conditions, 
based  on  investment,  interest  and  depreciation  charges  per  square 
foot.  R.  N.  Kimball. 


T  16.  Wliat  are  the  best  material  and  method  for  coveringr 
steam  pipes  in  streets  to  obtain  maximum  efflciency  in  trans- 
mission of  heat  nnits  to  consumers? 

Wyckoff  patent  wood  covering.  F.  N.  Jewett. 

Pipes  enclosed  in  a  conduit  of  vitrified  sewer  pipe  that  is 
split  lengthwise  and  is  known  here  as  the  K.  &  M.  conduit.  This 
should  be  large  enough  to  give  at  least  three  inches  all  round 
the  steam  and  return  pipe,  and  the  space  should  be  filled  with 
asbestos  sponge.  This  is  the  best  of  anything  I  have  found  and, 
in  fact,  it  is  good  enough.  Mineral  wool  is  good  if  the  pipes 
are  wrapped  with  asbestos  paper  so  that  the  wool  will  not  come 
in  contact  with  the  pipes  and  pit  or  corrode  them.  Have  used 
cork  clippings,  but  shall  not  do  so  any  more — ^not  much. 

N.  Wallace. 

J  17.  Has  any  practical  method  been  devised  for  measuring^ 
quantity  of  live  steam  delivered  to  district-heating  mains  when 
exhaust  is  insufficient? 

It  has  been  proposed  to  use  the  Venturi  tube  as  a  means  for 
determining  flow  of  gases.  Its  use  for  this  purpose  is,  of  course, 
not  so  simple  as  that  of  water.  There  appears,  however,  to  be  no 
serious  reason  why  it  may  not  be  made  to  serve  such  purposes. 

A.  Bemeni. 

There  are  two  indicating  steam  meters  on  the  market,  one 
known  as  the  St.  John,  which  is  largely  used  by  the  New  York 
Steam  Company,  New  York  city,  and  the  other,  the  Sargent. 
Neither  one  of  these  meters  is  an  integrating  meter,  but  both 
indicate  the  quantity  of  steam  passing  through  them  at  any  given 
time.  American  District  Steam  Co 
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J  18.  How  much  more  will  central-station  heating  coBto- 
mers  pay  per  annum  for  central-station  heat  than  the  cost  of 
running  their  own  heating  apparatus? 

This  depends  altogether  upon  the  individual  conditions  and 
the  personal  characteristics  of  the  customers.  In  some  cases, 
central-heating  station  customers  are  willing  to  pay  as  much  as 
100  per  cent  advance,  in  order  that  they  may  be  relieved  of  the 
annoyance  and  expense  of  running  their  own  heating  plant.  In 
other  cases,  customers  think  that  a  10  per  cent  advance  in  cost 
to  them  is  excessive.  American  District  Steam  Co. 

Customers  certainly  do  pay  more  for  central -station  heating 
than  it  would  cost  them  to  run  their  own  installations;  just  how 
much  more  they  would  be  willing  to  pay  depencfs  on  the  custo- 
mer, and  it  would  be  a  rather  delicate  question  to  ask. 

H.  T.  Hartman. 

We  doubt  if  anyone  can  answer  this  question  satisfactorily 
except  in  the  following  manner :  Determine  what  you  can  evapo- 
rate and  distribute  a  thousand  pounds  of  water  for,  and  make 
this  a  meter  rate  after  adding  as  high  as  50  per  cent  on  the 
actual  cost  of  evaporation  and  distribution,  and  you  will  find 
plenty  of  customers  willing  to  pay  the  rate,  when  charged  by 
meter  that  records  condensation  in  pounds. 

C.  R.  Maunsell. 

J  19.  How  many,  if  any,  steam  traps  should  be  placed  on 
a  steam-heating  main  of  4000  feet  length,  with  six  right-angled 
bends  in  full  length? 

Ordinarily,  if  no  obstructions  are  encountered  which  cause 
pockets  in  the  line,  a  'trap  to  each  800  lineal  feet  of  main  is 
suificient.  Practice  varies  through  very  wide  extremes,  depend- 
ing upon  the  natural  grades  and  other  local  conditions  encoun- 
tered. American  District  Steam  Co. 

On  a  gravity  return  system  we  don't  use  traps  on  the  returns. 
We  use  seals  of  steam  high  enough  to  balance  the  pressure  and 
a  margin  over.     We  never  carry  more  than  two  and  a  half 

V.  2—10 
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pounds  on  our  line  and  we  have  seals  lo  feet  high.  This  pre- 
vents steam  ever  blowing  through,  and  the  return  water  flows 
through  into  the  receiver  without  trouble.  N.  Wallace. 

J  20.  In  laying  street  mains  for  steam  heating  with  exhanst 
steam,  which  will  cause  the  least  trouble  and  have  the  longest 
life — ^variators  or  brass-lined  slip  joints? 

Variators.  American  District  Steam  Co. 


GENERATORS  AND  EXQTERS 

E  1.  Would  the  vibration  be  objectionable  in  a  direct- 
current  generator  direct-connected  through  a  pair  of  bevel 
mortise  getixs  to  a  vertical  water-wheel? 

Yes;  if  vibration  is  excessive,  it  will  cause  distortion  of 
fields  and  consequently  sparking  of  brushes. 

G.  Wilbur  Hubley. 

By  having  two  bearing^  on  the  machine  and  an  outboard  bear- 
ing on  the  pinion  shaft,  the  vibration  ought  to  be  kept  down 
within  good  working  limit.  Augusta  Ry.  and  Elec.  Co. 

E  2.  What  is  better  than  cylinder  oil  and  vaseline  for 
lubricating  collector  rings? 

Nothing,  if  properly  applied.  W.  H.  Greenslit. 

Hoard's  Delight  commutator  dressing  (liquid). 

Geo.  W.  Richardson. 

We  know  of  nothing  better  than  pure  vaseline,  used  spar- 
ingly. Most  commutator  compounds,  when  used  on  copper-strip 
brushes,  find  their  way  between  the  leaves,  spreading  them,  and 
it  is  not  easy  to  remove  these  deposits  without  injuring  points 
of  brushes.  Chas.  H.  Peters. 

Either  ordinary  engine  oil  or  olive  oil  is  better  than  cyl- 
inder oil.  O.  H.  Young. 
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I  prefer  coal-oil  with  carbon  brushes,  as  it  prevents  gum- 
ming. J.  D.  Saunders. 

We  have  used  paraffin  with  perfect  satisfaction. 

Thp:  Edison  Elec.  Ill'g  Co.  of  Brockton. 

E  3.  (a)  Should  a  lanall  central  station  install  polyphase 
generators,  and  (b)  how  can  the  difficulty  of  balancing  the  cir- 
cuits be  overcome? 

Unless  there  is  an  isolated  case  of  large  power  service  in 
which  a  motor  unit  of  50  or  100  horse-power  is  required,  there 
is  really  no  reason  why  a  polyphase  generator  should  be  installed 
in  an  ordinary  sized  city,  or  a  small  town.  It  sometimes  happens, 
however,  that  the  city  water  pumping  can  be  secured  by  the 
central  station,  and  that  a  motor  in  excess  of  50  horse-power  will 
be  necessary.  In  such  event,  a  polyphase  generator  should  be 
installed;  but  otherwise  the  writer's  recommendations  would 
invariably  be  for  a  single-phase  machine.  There  is  practically 
no  kind  of  service  existing  in  a  small  city,  other  than  a  rare 
instance  of  large  power,  which  can  not  be  thoroughly  taken  care 
of  with  a  single-phase  motor.  It  would,  therefore,  be  "borrowing 
trouble'*  to  install  a  polyphase  generator  and  attempt  to  use  it 
as  such.  If  a  polyphase  machine  has  been,  for  special  reasons, 
installed,  we  very  strongly  recommend  either  operating  it  as 
a  single-phase  machine  or  putting  in  a  switchboard  which  per- 
mits of  using  a  polyphase  set  of  'bus-bars  with  single-phase 
feeders  running  out  therefrom. 

Polyphase  generators  are  capable  of  being  operated  at  75 
to  80  per  cent  of  their  rated  capacity  on  single  phase,  and  it 
would  be  advisable  from  every  point  of  view  in  the  ordinary  plant 
to  run  as  a  single-phase  machine  rather  than  as  a  polyphase.  If  a 
polyphase  switchboard  arrangement  is  installed,  the  use  of  the 
proper  throw-over  switches  will  enable  all  distribution,  or  prac- 
tically all,  to  be  single-phase.  These  single-phase  feeders  can 
be  thrown  from  one  phase  to  another  of  the  'bus-bars  and  the 
load  kept  fairly  balanced  on  the  different  phafse  windings  of  the 
generator.  With  such  an  arrangement,  each  feeder  should  be 
controlled  with  an  independent  pressure  regulator,  and  when 
such  an  arrangement  is  provided,  the  maintenance  of  a  balanced 
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voltage  on  the  polyphase  'bus-bars  is  entirely  unnecessary,  as 
each  feeder  can  be  furnished  its  required  voltage  within  a  range 
of,  say,  10  per  cent,  without  adjustment  of  the  'bus-bar  voltage. 

Wagner  Electric  Co. 

If  the  load  is  within  reasonable  distance  of  the  plant  (say 
within  8000  feet)  it  would  hardly  be  necessary  to  use  three- 
phase  generators.  If  the  load  is  greatly  unbalanced  it  might 
be  a  good  plan  to  split  the  feeders,  taking  some  load  off  the 
heavier  feeders  and  throwing  it  on  the  lighter. 

C.  F.  Haywood. 

No;  except  that  if  polyphase  generators  are  installed  a 
number  of  small  single-phase  circuits  should  have  proper  switches 
to  throw  them  on  any  phase  of  generator. 

W.  S.  Greenslit. 

If  polyphase  generators  must  be  used,  I  would  suggest  two- 
phase  rather  than  three-phase  for  ease  of  balancing.  Have 
double-throw  switches  on  each  circuit;  you  can  then  throw  on 
one  or  other  set  'bus-bars  and  keep  system  balanced. 

A.  Peters. 

No.  F.  C.  S.,  Malden  Elec.  Co. 

Use  three-phase,  if  you  have  a  power  load,  and  run  all 
the  lighting  circuits  from  one-phase,  regulating  the  voltage 
for  this  phase  only.  G.  B.  Leland. 

Yes,  if  power  is  to  be  supplied.  The  difficulty  of  balancing 
circuits  on  three-wire,  three-phase  system  can  be  partially  over- 
come by  installing  feeder  regulator  on  each  feeder.  A  little 
care  and  judgment  in  connecting  circuits  to  the  different  phases 
will  do  the  rest.  I  have  operated  such  a  system  for  several 
years  and  have  had  no  serious  difficulty  in  maintaining  a  reason- 
able balance  with  very  little  trouble.  W.  F.  Oviatt. 

Generally  speaking,  no  station  under  500  kilowatts  can 
pfet  good  regulation  at  station  with  polyphase  generators  unless, 
the  number  of  circuits  is  large  and  their  connected  load  smalL 
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The  difficulty  is  less  troublesome,  however,  using  two-phase 
generators  with  independent  windings  than  with  three-phase 
generators  of  an  equal  capacity.  W.  H.  C. 


Yes,  with  a  view  of  prospective  motor  business.  Divide 
circuits  so  that  by  means  of  switches  different  phases  can  be 
loaded  equally.  Harry  Hollis. 

Desirable  to  install  single-phase  apparatus  entirely. 

G.  Wilbur  Hubley. 

Would  consider  single-phase  machines  preferable  for  any 
small  plant.  A.  R.  MacKinnon. 

Have  found  the  following  arrangement  to  work  satisfac- 
torily :  Install  two-phase  generator  with  single-phase  distribution 
circuits  and  series  alternating  arc-lighting  system.  Operate  arcs 
on  one  phase  and  incandescent  circuits  on  the  other.  Regulate 
generator  voltage  for  incandescent  service  and  let  constant-cur- 
rent transformers  take  care  of  street  system  at  whatever  voltage 
they  get.  F.  D.  Elwell. 

Not  advisable  unless  some  motor  business  could  be  secured ; 
in  that  case  balancing  could  be  secured  by  using  a  plug  and  cable 
board.  C.  W.  Higgins. 

In  a  small  central  station  having  a  three-phase  motor  load 
it  would  probably  be  policy  to  install  polyphase  generators  and 
use  feeder-potential  regulators  on  lighting  feeders  to  maintain 
the  proper  voltage.  Absolute  load  balance  is  not  so  necessary. 
In  case  of  a  lighting  load  only,  single-phase  machines  are  pref- 
erable. E.  J.  Bechtel. 

It  is  not  advisable  for  small  stations  to  install  polyphase 
generators,  for  the  reason  that  few,  if  any,  small  stations  carry 
a  sufficient  number  of  circuits  to  strike  a  decent  balance  between 
them.  If  lighting  is  of  first  importance,  we  recommend  single- 
phase,  60  cycles.    If  a  small  amount  of  power  is  desired  in  the 
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daytime,  and  station  is  centrally  located,  you  would  be  ahead  in 
the  long  run  by  installing  a  250-volt,  direct-current  generator  to 
take  care  of  this  power  service.  Chas.  H.  Peters. 

Polyphase  generators  are  of  no  ultimate  advantage  unless 
power  is  to  be  furnished.  If  the  station  is  small,  and  the  power 
a  small  part  of  business  and  in  small  units,  the  single-phase 
system  has  many  advantages,  and  the  unbalancing  feature  will 
be  eliminated.  Polyphase  generators  admit  of  parallel  running, 
which  is  an  advantage,  but  not  necessarily  in  a  "small"  station. 
If  polyphase  system,  is  adopted  the  circuits  may  be  balanced  by 
cutting  over  the  load,  or  by  means  of  automatic  feeder  regulators. 

Geo.  B.  Lauder. 

Unless  a  station  is  very  small,  polyphase  generators  are 
preferable  to  single-phase;  also,  unless  very  small,  the  distribu- 
tion can  be  divided  into  two  parts  for  a  two-phase  system.  If 
a  little  excess  capacity  is  allowed  iit  the  generator,  exact  balance 
between  the  phases  is  not  necessary.       The  Seattle  Elec.  Co. 

A  small  station  with  two-phase  machine  has  always  two 
chances  instead  of  one  in  case  of  lightning  or  short-circuit. 

Augusta  Ry.  and  Elec.  Co. 

No  matter  how  small  a  central  station  may  be,  it  is  good 
policy  to  install  polyphase  generators,  so  that  a  power  load  may 
be  taken  cafe  of  as  well  as  the  ordinary  lighting  load.  It  is  not 
necessary  to  balance  the  circuits  on  polyphase  generator.  The 
lighting  circuit  may  be  run  off  one  phase  and  the  voltage  of 
the  generator  adjusted  on  one  phase  only.  Then  use  the  three 
phases  for  power  work.  F.  G.  Proutt. 

Where  there  is  a  possibility  of  obtaining  a  motor  load  it  is 
advisable  to  install  polyphase  generators.  We  are  operating  two 
two-phase  generators  and  distributing  single-phase  from  the 
switchboard.  With  some  changes  on  our  circuits  we  have  found 
no  difficulty  whatever  in  balancing  the  phases. 

E.  F.  McCabe. 

No.  C.  M.  Wright. 
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A  small  station  should  not  install  a  polyphase  machine  unless 
large  motors  are  a  possibility.  Circuits  can  be  balanced  by  having 
proper  switchboard  arrangements  to  throw  any  circuit  on  any 
phase.  R.  N.  Kimball. 

Not  unless  motors  larger  than  five  per  cent  of  capacity  of 
generator  are  to  be  supplied.  As  both  phases  parallel  each  other, 
it  is  easy  to  transfer  lights,  or  single-phase  motor  load  from 
one  phase  to  the  other  to  keep  them  balanced. 

J.  T.  Cowling. 

K  4.  What  advantages  or  disadvantages  has  an  induction- 
type  generator  over  a  revolving-field  type  on  inductive  and  non- 
inductive  load? 

No  particular  difference  in  electrical  characteristics.  Would 
prefer  the  revolving-field  type  for  mechanical  reasons. 

W.  H.  C. 

On  inductive  load  an  induction  type  generator  may  be  unable 
to  maintain  suificient  voltage.  The  Seattle  Elec.  Co. 

By  induction  in  this  question,  it  is  assumed  that  inductor 
is  meant.  If  both  types  of  machines  are  built  for  the  same  in- 
herent regulation,  then  there  should  be  no  particular  advantage 
of  one  over  the  other. 

In  the  inductor  generator  the  armature  magnetism  does  not 
reverse,  and  the  armature  coil  is  subject  to  about  one-half  the 
variation  in  magnetism  that  is  usual  with  the  rotating-field  type. 
Therefore,  for  equal  weights  of  active  material  the  inductor 
machine  should  have  twice  as  many  armature  conductors  as  the 
rotating-field  type;  or  if  the  number  of  armature  conductors  is 
made  the  same,  the  induction  must  be  practically  doubled  in  the 
inductor  type  with  consequent  great  increase  in  amount  of  ma- 
terial. In  order  to  keep  the  weight  of  the  inductor  type  down 
to  a  reasonable  figure  it  has  been  the  practice  of  some  makers 
to  adopt  the  middle  course  in  design.  Machines  built  on  such 
lines  would  have  relatively  more  armature  conductors  than  the 
rotating-field  type  and  would  have  somewhat  poorer  inherent 
regulation  on  both  non-inductive  and  inductive  loads.     Also,  to 
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lessen  the  weight  the  inductor  machines  are  frequently  worked 
much  nearer  to  saturation  than  on  the  rotating-field  type,  and 
therefore  in  many  cases  have  not  the  margin  for  holding  up 
voltage  on  severe  inductive  loads. 

The  Westinghouse  Elec.  and  Mfg.  Co. 

E  6.  TTnder  what  conditions,  if  any,  have  yon  found  anto- 
matio  circuit-opening  devices  advisable  on  generators  or  exciters? 

Operating  at  overload.  W.  H.  Greenslit. 

They  furnish  protection  to  the  generator,  and  are  proper 
apparatus  to  have.  Geo.  W.  Richardson. 

Short-circuits,  lightning,  overload,  are  taken  care  of  better  by 
using  circuit-breakers  than  by  depending  on  fuses,  and  the  circuit- 
breakers  will  act  quicker.  Andrew  F.  Hall. 

No  conditions.  F.  C.  S.,  Malden  Elec.  Co. 

Automatic  circuit-opening  devices  on  generator  or  exciters 
are  an  advantage  as  protection  against  overload,  such  as  short- 
circuits.  They  should  be  adjusted  for  only  such  emergency 
troubles.  G.  Wilbur  Hubley. 

For  direct-current  apparatus  get  a  reliable  circuit-breaker 
of  an  overload  and  reverse-current  type.  Set  overload  trip  300 
per  cent  over  machine  capacity  and  reverse  current  from  three 
to  12  per  cent.  Harry  Hollis. 

We  are  installing  automatic  oil  switches  on  all  generators 
that  operate  in  parallel.  Tripping  coils  of  these  switches  are 
energized  through  time-limit  relays  from  the  exciter  'bus  and 
have  their  circuits  provided  with  small  knife  switches  by  means 
of  which  they  are  disconnected  after  generators  are  paralleled. 
With  this  arrangement,  if  an  incoming  generator  is  thrown  in 
out  of  step  and  does  not  rapidly  pull  into  synchronism  with  the 
generators  already  running,  it  is  automatically  thrown  out. 
We  do  not  think  it  is  advisable  to  use  automatic  circuit-opening 
devices  on  exciters.  Harry  M.  Hope. 
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Do  not  think  they  are  advisable  on  either  generators  or  ex- 
citers, and  should  never  be  used  on  exciters.       C.  W.  Higgins. 


The  Denver  Gas  and  Electric  Comp'any  has  abandoned  the 
use  of  all  circuit-opening  devices.  A  short  time  ago  a  heavy 
short  occurred  on  the  switchboard,  but  was  burned  off  without 
throwing  the  generators  out  of  synchronism,  the  voltage  dropping 
(of  its  own  accord)  till  the  short  was  burned  away,  w.hen  the 
machines  came  up  again  together  without  any  trouble. 

C.  F.  Haywood. 


Only  when  set  to  operate  at  from  75  to  lOO  per  cent  over- 
load. The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


We  are  using  circuit-opening  devices  on  feeders  instead  of 
generators,  as  our  generators  will  be  stalled  in  case  of  heavy 
short-circuit  on  generator.  Augusta  Ry.  and  Elec.  Co. 

E  6.  What  are  the  comparatiye  adrantages  and  disadvan- 
tages of  self  and  separate  excitation  for  large  direct-current 
generators? 

When  one  generator  is  to  be  thrown  in  with  another  by  using 
separate  excitation,  you  are  sure  of  incoming  generator  building 
up  the  right  way.  A.  Peters. 

The  separate  excitation  seems  useless  except  to  save  the 
five  per  cent  of  exciting  current  taken  from  the  generator,  or  in 
building  up.  Geo.  W.  Richardson. 

One  advantage  of  separate  excitation  for  large  direct-current 
units  is  that  with  certain  systems  of  automatic  regulation  a  much 
more  uniform  voltage  will  result.  Geo.  B.  Lauder. 

Self-excited  machines  are  more  compact,  though  they  vary 
more  in  voltage  than  those  independently  excited  from  a  constant 
source  of  electromotive  force,  Augusta  Ry.  and  Elec.  Co. 
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E  7.  Is  an  induction  motor-driyen  exciter  set  ever  advisable 
for  altemating-cnrrent  generators? 

All  right,  if  installed  with  storage  battery.         A.  Peters. 

The  writer  thinks  that  an  induction  motor  is  a  necessary 
adjunct  to  a  modem  station.        F.  C.  S.,  Malden  Elec.  Co. 

In  large  stations  where  from  convenience  or  the  standpoint 
of  appearance  of  machinery  it  is  not  desirable  to  drive  direct 
from  engine,  exciters  driven  direct-connected  to  simple  high- 
speed engine  are  probably  more  economical  if  exhaust  steam  can 
be  used  for  heating  boiler  feed.  W.  H.  C. 

Yes ;  where  alternative  is  also  provided. 

G.  Wilbur  Hubley. 

An  induction  motor  may  be  used  for  driving  the  exciter  if 
provisions  are  made  for  picking  up  the  load  after  a  severe  short- 
circuit.  Having  a  direct-connected  engine-exciter  set  the  engine 
may  be  belted  to  an  induction  motor  with  the  engine  governor 
set  at  a  slightly  lower  speed  than  the  engine  will  then  be  running. 
A  little  steam  should  be  allowed  to  run  through  the  cylinder  for 
lubricating.  Should  the  motor  slow  down,  the  steam  will  then 
pick  up  the  load.  The  Colorado  Springs  Elec.  Co. 

Might  be  used  as  an  auxiliary  set,  but  there  should  be  one 
or  more  sets  steam  or  wheel-driven  in  case  of  complete  shut-down. 

C.  W.  HiGGINS. 

4 

Inasmuch  as  the  cost  of  operating  a  motor-driven  exciter  is 
practically  one-half  the  cost  of  operating  an  engine-driven  exciter, 
and  the  cost  of  maintenance  on  the  motor-driven  set  is  less  than 
on  an  engine-driven  set,  it  would  seem  advisable  in  nearly  all 
cases  to  use  induction  motor-driven  sets  for  alternating-current 
generators.  Practically  the  only  exception  would  be  in  cases 
where  lines  outside  the  station  are  subject  to  very  frequent  and 
heavy  short-circuits,  which  would  be  liable  to  cause  a  shut-down 
of  the  exciter,  and  even  these  cases  can  in  a  large  measure  be 
overcome  by  having  no  automatic  circuit-opening  device  between 
generator  and  induction  motor.  J.  S.  Whitaker. 
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The  Denever  Gas  and  Electric  Company  has  been  using  a 
set  of  this  kind  with  success.  C.  F.  Haywood. 

It  certainly  is.  Geo.  B.  Lauder. 

Yes.  A  steadier  voltage  will  be  had  with  a  motor-driven 
exciter  than  with  the  exciter  belted  direct  to  the  generator. 

J.  F.  DOSTAL. 

If  a  station  has  a  motor-driven  excitation  equipment  with 
no  storage  battery  as  an  auxiliary,  induction  motor-generators 
for  excitation  would  have  some  advantage  over  a  synchronous 
motor-generator,  as  in  case  of  severe  disturbances  to  the  sys- 
tem the  induction  motor  would  be  less  likely  to  drop  out  of  step 
and  shut  down  the  station. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Judging  from  the  number  of  such  installations,  one  is  led 
to  believe  that  it  is.  H.  Bottomley. 

Yes;  for  alternating  200-kw  and  over. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

An  induction  motor-driven  exciter  is  very  advisable  for  ex- 
citing alternating-current  generators.  Should  it  be  used,  how- 
ever, either  an  engine-driven  exciter  set  or  a  small  exciter  battery 
should  also  be  installed,  as  it  would  be  impossible  to  start  up  the 
induction  motor  without  first  having  current  on  an  alternating- 
current  generator.  F.  G.  Proutt. 

An  induction  motor-driven  exciter  set  is  very  convenient,  and 
advisable  as  a  reserve.  Augusta  Ry.  and  Elec.  Co. 

E  8.  In  large  power  stations  where  steam  and  eleotrio-driven 
exciters  are  now  both  provided,  which  is  it  more  economical  to 
use  after  starting  np? 

Electrically-driven.  F.  C.  S.,  Malden  Elec.  Co. 

Steam-driven  either  from  main  or  independent  engine  if 
proper  use  is  made  of  exhaust  steam  of  engine.  W.  H.  C. 
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The  steam  consumption  for  a  5000-kw  unit  is  14  pounds  of 
steam  per  electrical-hp-hour. 

The  steam  consumption  for  a  75-kw  unit  is  about  30  pounds 
of  steam  per  electrical-hp-hour. 

The  efficiency  of  a  motor-generator  set  is  85  per  cent.  The 
steam  consumption  per  electrical-hp-hour  delivered  by  the  motor- 
generator  set  is  then  14  -f-  .85  =  16.4  pounds  electrical-hp-hour, 
showing  a  decided  advantage  in  favor  of  the  motor-driven  ex- 
citer. If  the  exhaust  steam  from  the  small  steam  unit  be  used 
for  heating  purposes,  the  advantage  will  be  somewhat  less,  de- 
pending on  maintenance  and  repair  of  small  steam  set,  but, 
usually,  still  in  favor  of  the  motor-driven  exciter. 

W.    S.    MUNRO. 

Electricallv-driven  exciters  are  the  more  economical. 

G.  Wilbur  Hubley. 

Electrically-driven.  C.  W.  Higgins. 

Under  average  conditions  it  is  far  more  economical  to  use 
motor-driven  exciters  after  a  plant  has  been  started  up.  With 
the  average  steam  exciter  set  not  exceeding  100  kilowatts  capacity 
it  is  not  usual  to  obtain  better  economy  than  40  pounds  of  steam 
per  kilowatt-hour,  whereas  with  the  large  engines  of  a  station 
it  is  not  uncommon  to  obtain  economy  of  16  pounds  of  steam 
p^r  kilowatt-hour.  Hence,  allowing  80  per  cent  efficiency  for  the 
motor,  you  would  obtain  economy  of  20  pounds  of  steam  per 
kilowatt-hour  for  power  delivered  to  the  exciter  generator,  or 
practically  one-half  the  amount  of  steam  required  to  drive  a  steam 
exciter  set.  J.  S.  Whitaker. 

Electric.  J.  F.  Dostal. 

Motor-driven  exciters  are  by  far  the  most  economical  units 
to  use  for  continuous  operation. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Electric-driven. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 
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Where  steam  and  electric-driven  exciters  are  both  provided, 
the  electric-driven  generator  would  be  much  more  convenient 
for  general  operation ;  whether  it  would  be  the  more  efficient  or 
not  would  depend  entirely  on  its  size  and  also  on  the  average 
load  that  it  would  have  to  carry.  If  the  steam-driven  exciter 
were  comparatively  small,  the  engine  would  take  a  larger  amount 
of  steam  for  its  operation,  probably  two  or  three  times  as  much 
as  that  required  by  the  steam  engine-driven  generators  that  were 
being  excited  from  the  exciters.  So,  although  the  electric-driven 
exciter  might  have  a  total  efficiency  of  only  50  per  cent,  it  might, 
on  account  of  the  high  efficiency  of  the  unit  from  which  it  was 
taking  current,  be  more  efficient  than  the  engine-driven  exciter 
set.     It  would  certainly  be  much  more  convenient. 

F.  G.  Proutt. 


It  depends  on  the  amount  of  exhaust  steam  needed  for 
heating  feed  water.  If  feed  water  is  hot  enough,  motor-driven 
exciter  is  most  economical.  J.  T.  Cowling. 

E  9.  Is  it  not  a  good  policy  to  install  an  exciter  of  double 
the  capacity  required  and  use  an  armature  of  double  the  voltage 
and  operate  at  half  speed? 

I  think  the  money  necessary  to  install  such  a  machine  could 
be  spent  to  better  advantage.  A.  Peters. 

I  fail  to  see  any  advantage,  as  the  first  cost  would  be  greater, 
and  such  a  machine  would  be  compelled  to  run  at  its  maximum 
load  at  its  lowest  efficiency.  Geo.  W.  Richardson. 

The  writer  thinks  it  good  policy  to  install  an  exciter  of 
double  the  capacity  if  there  is  chance  for  the  plant  to  grow 
rapidly.  Do  not  see  any  advantage  in  having  armature  of  double 
voltage  operating  at  half-speed. 

F.  C.  S.,  Malden  Elec.  Co. 

No.  G.  B.  Lelaxd. 
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Probably  no  gain.  Commutation  may  be  better,  but  at  full 
load  in  amperes  heating  of  armature  will  be  greater,  due  to  de- 
creased ventilation  at  half-speed.  W.  H.  C. 

No.  G.  Wilbur  Hubley. 

There  seems  to  be  no  advantage  in  installing  an  exciter  of 
double  capacity  with  double-voltage  armature,  operated  at  half- 
speed,  except  to  increase  the  first  cost  of  the  machine  something 
like  30  or  40  p«r  cent,  as  the  constants  of  such  a  machine  would 
be  very  nearly  the  same  as  those  of  a  machine  of  proper  capacity. 
Manufacturers  of  electrical  machinery  can  be  trusted  to  furnish 
a  machine  quite  as  satisfactory  in  operation  as  that  which  any 
central-station  man  is  likely  to  evolve.  J.  S.  Whitaker. 

No.  The  fixed  costs  would  more  than  unbalance  any  good 
this  arrangement  might  do.  C.  F.  Haywood. 

No.  A  properly  built  machine  purchased  from  a  reliable 
maker  should  be  able  to  operate  satisfactorily  at  rated  speed  and 
voltage.  The  Seattle  Elec.  Co. 

It  shows  very  poor  confidence  in  the  exciter  if  it  is  judged 
necessary  to  make  it  twice  as  large  as  actual  capacity  requires. 

Augusta  Ry.  and  Elec.  Co. 

As  the  ratings  of  modern,  first-class  electrical  apparatus  are 
based  on  continuous  performance,  there  is  no  reason  why  putting 
in  an  exciter  of  double  the  capacity  and  running  half  voltage 
would  be  any  more  satisfactory  than  putting  in  an  exciter  and 
lunning  at  normal  rating.  A  very  much  better  policy  would  be 
to  put  in  an  extra  exciter  set,  and  in  all  well-conducted  stations 
more  than  one  exciter  set  is  used  anyway.  The  amount  of  in- 
surance you  would  get  from  arranging  your  exciter,  as  stated  in 
the  question,  would  not  be  enough  to  justify  the  extra  expense 
of  such  a  machine.  F.  G.  Proutt. 

E  10.  In  connection  with  an  andergroand  Edison  3-wire 
system  operated  from  a  substation,  which  of  the  three  methods 
of  conversion  from  60-cycle  alternating  current  to  direct  current, 
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namely,  rotary  oonyerters,  indaction  motor-generator  sets,  or 
synchronons  motor-generator  sets,  will  give  best  results  if  a 
heavy  short  should  develop  on  the  3-wire  direct-current  system? 

Induction  motor-generator  set.  A.  Peters. 

Rotary  converters;  circuit-breakers  will  protect  generator. 

Geo.  W.  Richardson. 

Induction  motor-generator  set.  W.  H.  C. 

Motor-generator  set,  though  cost  is  more. 

A.  E.  Walden. 

Induction  motor-driven  sets  are  preferable,  as  they  are  less 
liable  to  flash  over  on  heavy  short-circuits  than  are  rotaries  under 
the  same  conditions.  They  are  preferable  to  synchronous  motor- 
driven  sets,  as  the  self-inductance  is  greater  and  will  prevent  such 
an  excessive  flow  of  current  in  case  of  a  short-circuit  as  would  be 
the  case  with  synchronous  motors,  and  the  consequent  eflFect  on 
other  apparatus  connected  to  the  same  circuit  is  less.  It  is  also 
nearly  impossible  to  bum  off  even  a  small  short-circuit  with 
60-cycle  rotaries,  but  is  possible  with  motor-driven  generator  sets 
whether  they  are  synchronous  or  induction  motors. 

W.    F.   OVIATT. 

There  are  two  points  to  be  considered: 

First — The  machine  most  effective  in  quickly  burning  off  the 
ordinary  short-circuit  on  feeder  or  mains. 

Second — ^The  machine  that  can  be  most  quickly  put  back  on 
load  if  the  short-circuit  has  been  severe  enough  to  necessitate 
shut-down  of  unit. 

In  regard  to  the  first,  as  between  shunt-wound  rotary  con- 
verters and  shunt-wound  generators  driven  by  induction  or  syn- 
chronous motors,  the  rotary  converter  is  most  effective  in  burn- 
ing off  an  ordinary  short-circuit,  as  it  will  maintain  nearly  con- 
stant voltage  with  excessive  overloads,  whereas,  the  shunt- 
wound  generators  will  drop  off  very  rapidly  in  voltage. 
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In  regard  to  the  second,  the  smaller-size  induction  motor- 
driven  generator  sets  could  undoubtedly  be  put  back  into  service 
more  quickly  than  a  rotary  or  synchronous  motor,  both  of  which 
have  to  be  synchronized.  For  the  larger  sizes  of  induction-motor 
generator  sets,  say  above  500-kw  capacity,  there  would  be  very 
little,  if  any,  difference  in  time  required  to  put  machines  under 
load. 

As  a  general  proposition  the  rotary  or  synchronous  motor- 
generator  would  for  the  above  reasons,  as  well  as  for  better 
efficiency,  be  advisable  for  the  larger  systems,  while  the  induction 
motor-generator  could  sometimes  be  advantageously  used  in  the 
smaller  stations.  W.  A.  Rollins. 

Induction  motor-generator  set.  All  three  types  of  motors 
will  pull  out  on  short,  but  the  chances  are  in  favor  of  induction 
motor  being  up  to  speed  and  able  to  take  load  sooner  than  other 
type.  Harry  Hollis. 

Induction  motor-generator  sets  in  this  particular  case. 

Harry  M.  Hope. 

Induction  motor-generator  sets.  A.  R.  MacKinnon. 

In  case  of  a  heavy  short  if  the  direct-current  apparatus  is 
protected  by  proper  circuit-breakers  there  should  be  no  trouble 
m  any  case,  but  if  not  so  protected  the  induction  motor  would 
probably  pull  the  longest  with  the  short  on. 

C.    W.    HiGGINS. 

Induction  motor-generators  would  furnish  current  longer 
under  severe  short-circuit  conditions;  that  is,  they  would  not  be 
affected  by  drop  in  voltage  to  such  an  extent  as  would  synchron- 
ous motor-generators  or  rotaries,  which  would  almost  immediately 
drop  out  of  step  under  severe  conditions. 

The  Edison  Elec.   Ill'g  Co.  of  Boston. 

Induction  motor-generator  sets. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 
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An  induction  motor-generator  set  would  probably  cover  the 
conditions  that  would  result  from  heavy  short-circuit  on  direct- 
current  end  better  than  either  of  the  other  types  of  apparatus 
mentioned,  as  the  induction  motor  will  take  care  of  an  extremely 
heavy  overload,  anyway,  and  the  motor  can  not  be  injured  by  a 
dead  short-circuit;  the  only  effect  such  a  condition  would  have 
would  be  the  slowing  down  of  the  motor.  The  general  efficiency 
of  such  a  set  would  probably  be  about  the  same  as  that  of  either 
of  the  others.  F.  G.  Proutt. 

E  11.  (a)  What  ii  the  probable  difference  in  cost  and  effi- 
cieiK^  at  one-half,  three-quarters  and  full  load  between  using 
static  transformers  and  a  rotary  converter  and  using  a  syn- 
chronous motQr-generator  set,  the  motor  taking  full  alternating- 
current  voltage,  say  6600  volts  t  (b)  What  is  probable  differ- 
ence in  case  of  an  induction  motor-generator  set? 

The  efficiency  will  be  least  with  rotary  converters. 

Geo.  W.  Richardson. 

Only  an  approximate  comparison  can  be  made  in  this  case. 
The  costs  are  affected  by  the  frequency  to  a  certain  extent.  Tak- 
ing 25  cycles,  for  instance.  The  rotary  converter  for  a  given 
cost  should  have  at  least  as  great  an  output  as  the  generator  of 
the  motor-generator  set.  The  efficiency  of  the  rotary  should  be 
probably  two  per  cent  greater  than  that  of  the  generator  at  full 
load,  and  from  two  to  four  per  cent  at  one-half  load.  It  then 
remains  to  compare  the  cost  and  efficiency  of  a  S3aichronous  or 
an  induction  motor  with  that  of  the  lowering  transformers. 
Rough  comparison  would  indicate  that  the  synchronous  and  the 
induction  motor  for  the  above  conditions  should  cost  very  nearly 
the  same,  and  the  efficiencies  of  these  two  should  be  practically 
the  same  unless  the  induction  motor  is  designed  for  rather  good 
starting  torque.  If  the  induction  motor  is  designed  for  a  very  small 
slip  and  consequent  small  starting  torque,  its  efficiency  can  be 
made  relatively  high. 

The  cost  of  a  S3aichronous  or  an  induction  motor  will  always 
be  considerably  higher  than  that  of  the  lowering  transformers 
required  in  the  above  case.  This  cost  may  be  even  two  or  three 
times  as  great.     Therefore,  the  combined  cost  of  the  motor- 

V.  2— II 
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generator  set  should  be  very  considerably  greater  than  that  of  the 
rotary-converter  set  with  equally  good  operating  machines. 

Efficiency  of  the  synchronous  or  the  induction  motor  will 
usually  be  from  three  to  five  per  cent  lower  than  that  of  the 
lowering  transformers.  Therefore,  the  efficiency  of  the  motor- 
generator  unit  should  be  from  five  to  seven  per  cent  lower  than 
that  of  the  rotary  converter  with  its  lowering  transformers,  and 
the  difference  may  even  be  greater  in  small  units. 

In  the  case  of  60-cycle  rotary  converters  the  difference  will 
not  be  as  great,  as  the  efficiency  of  the  60-cycle  rotary  converter 
will  be  possibly  equal  to  or  lower  than  that  of  the  direct-current 
generator  of  the  motor-generator  set.  On  the  other  hand,  the 
efficiency  of  the  60-cycle  synchronous  or  induction  motor  may  be 
slightly  lower  than  in  the  case  of  the  25-cycle  unit.  As  the  trans- 
former efficiency  will  not  be  reduced  the  saitie  amount,  the  com- 
bined efficiency  of  the  60-cycle  motor-generator  will  be  slightly 
lower  than  that  of  the  25-cycle  set,  while  the  efficiency  of  the 
60-cycle  rotary-converter  set  will  be  lower  than  the  25-cycle  set, 
but  the  reduction  in  the  efficiency  of  the  rotary  set  will  be  one  or 
two  per  cent  greater  than  in  the  motor-generator  set.  It  may  be 
said,  in  general,  the  efficiency  of  the  60-cycle  motor-generator 
set  will  be  from  three  to  six  per  cent  lower  than  that  of  a  60-cycle 
rotary-converter  set. 

The  Westinghouse  Elec.  and  Mfg.  Co. 

E  12.  What  are  the  points  in  favor  of  nse  of  air  compressors 
for  central-station  nse  for  cleaning  dynamos,  etc.? 

Compressed  air  reaches  portions  of  machines  inaccessible  by 
other  methods,  can  be  applied  while  generators  are  in  service,  and 
has  the  double  advantage  of  thoroughness  and  facility*  of  hand- 
ling. Ralph  R.  Laxton. 

The  advantage  of  using  compressed  air  for  cleaning  pur- 
poses in  central  stations  is  readily  seen  in  the  case  of  armatures 
of  considerable  size,  where  with  a  nozzle  of  some  length  dust  can 
be  blown  from  coils  and  leads  that  are  entirely  inaccessible  to  a 
bellows  or  cleaning  by  hand.  Lee  Boyer. 

Using  an  air  compressor  for  station  use  in  cleaning  out 
dynamos,  et  ccetera,  is  more  desirable  than  any  other  method,  as 
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it  is  a  labor-saving  device ;  it  is  also  much  more  efficient,  dust  and 
dirt  in  holes  and  corners  of  the  machines  being  driven  out  where 
a  hand-bellows  would  never  touch  it,  and  the  man  in  charge  of 
cleaning  the  machines  is  apt  to  do  his  work  much  better  than  by 
using  the  hand-bellows.  William  M.  Lewis. 

Air  compressors  furnish  an  easy  and  convenient  method  of 
cleaning  d3aiamos.  The  work  done  is  also  superior  to  any  other 
method  of  cleaning  known  to  us. 

Charleston  Consol,  Ry.^  Gas  and  Elec.  Co. 

The  air  compressor  in  a  station  is  really  a  necessity  and  no 
station  of  any  size  should  be  without  one,  especially  where  it  runs 
twenty-four  hours  in  every  day.  If  you  use  your  air  hose  in  the 
proper  manner  and  do  not  get  it  too  close  to  your  mica  insulation, 
you  will  have  no  trouble  at  all,  but  you  can  in  a  short  time  blow 
a  great  portion  of  the  mica  out  of  your  alternators  and  leave  them 
in  a  weak  condition.  By  using  your  air  for  cleaning  your  fields 
and  armatures  as  well  as  the  frame,  you  always  have  a  machine 
looking  as  though  it  were  new,  as  the  air  does  not  affect  the 
varnish  where  soft  rags  are  used  to  wipe  the  machines  after  all 
the  dust  has  been  removed. 

Where  you  are  called  upon  at  times  to  overload  your  ma- 
chines for  a  few  hours  you  will  find  it  an  easy  matter  to  simply 
tap  your  hose  with  two  nozzles  and  put  them  to  blowing  on  each 
side  of  the  machine  to  keep  the  temperature  down  and  prevent 
hot  boxes.  Again,  where  you  have  a  hot  box,  though  it  may  be 
smoking,  you  can  easily  cool  it  down  with  compressed  air  from 
your  compressor,  as  compressed  air  has  a  very  dry,  cooling  effect 
and  does  not  affect  your  generator ;  but  care  should  be  taken  not 
to  blow  all  your  oil  out.  For  cleaning  switchboards  it  is  ahead 
of  everything,  as  there  is  no  danger  of  a  short-circuit  and  you 
are  sure  to  have  a  good  clean  board.  Your  arc  lamps,  and  also 
your  meters,  can  be  cleaned  in  a  few  seconds  by  piping  your  air 
to  your  repair-room,  and  your  torches  kept  at  a  steady  flame  from 
its  regular  pressure  when  stored  in  a  reservoir. 

Fred  M.  Lege,  Jr. 

Air  compressors  are  handy  for  cleaning  dynamos,  exciters, 
switchboard  for  pneumatic  control,  for  air  drills,  and  for  forcing 
oil  to  different  bearings.  Augusta  Ry.  and  Elec.  Co. 
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(i)  Is  not  dangerous  to  workman  or  injurious  to  machine. 

(2)  Reaches  all  parts  of  machine. 

(3)  Can  be  used  while  machine  is  running. 

(4)  Does  the  work  quickly  and  leaves  no  lint  or  mcnsture 
on  machine.  R.  McMillan. 


The  thoroughness  of  the  cleaning.  W.  P.  Hancock. 

The  use  of  air  for  cleaning  electrical  machinery  shortens 
the  time  required  to  do  the  work  and  enables  the  operator  to 
do  a  much  more  thorough  job.  It  is  possible  to  clean  out  comers 
and  the  recesses  that  can  not  be  reached  by  other  means. 

I.  E.  MOULTROP. 

K  13.  (a)  What  is  ooniidered  as  the  working  life  on  a  126- 
Yolti  300-kilowatt,  moderate-speed  direct-current  commutator  f 
(b)  What  is  annual  expense  for  carbon  bmshes? 

The  working  life  of  a  125-volt,  300-kw,  moderate-speed,  di- 
rect-current commutator  depends  almost  entirely  upon  the  care 
and  attention  given  it.  Presuming  the  machine  is  of  first-class 
make,  and  that  proper  care  is  given  to  commutator,  the  life  should 
be,  at  least,  ten  years. 

Charleston  Consou  Ry.,  Gas  and  Elec.  Co. 


(a)  About  ten  years.  Carbon  brushes  ought  to  last  six 
months  to  a  year  in  this  service.      Augusta  Ry.  and  Elec.  Co. 

I  operate  two  150-kw,  two  loo-kw  and  two  56.5-kw,  all 
125-volt,  direct-current  generators  and  the  commutators  have 
been  run  for  three  years  and  show  no  great  wear;  they  have 
never  been  turned  down  and  but  one  new  set  of  brushes  has  been 
piaced  on  them.  These  machines  average  twelve  hours  a  day 
each,  and  are  well  loaded,  but  are  never  allowed  to  spark  in  the 
slightest  and  the  commutators  bear  a  rich  chocolate  color,  being 
well  lubricated  and  always  receiving  the  closest  attention. 

Fred  M.  Lege,  Jr. 
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K  14.  Is  it  praotieable  to  oTerload  an  inooming  generator 
on  a  water  rheostat  and  thns  lower  its  f  reqnenoyi  in  order  that 
it  may  be  synchronized  with  a  generator  that  is  overloaded  and 
running  below  speedf 

It  is  practicable,  and  the  writer  has  resorted  to  such  a  pro- 
cedure in  the  operation  of  a  hydro-electric  plant  consisting  of  two 
looo-kw  units.  L.  O.  Veser. 

Practicable,  perhaps,  but  by  no  means  to  be  recommended. 
The  second  unit  should  be  thrown  in  before  the  load  is  so  heavy 
as  to  reduce  the  speed  of  the  first  prime  mover,  and  to  reduce 
the  speed  of  the  second  by  an  artificial  overload  would  be  to  in- 
vite disaster.  Ralph  R.  Laxton. 

It  is  entirely  practicable  to  overload  an  incoming  generator 
on  a  water  rheostat,  thus  lowering  its  frequency,  in  order  to 
synchronize  it  properly  with  a  generator  that  is  already  over- 
loaded and  running  below  speed.  In  Grermany,  when  the  ques- 
tion of  paralleling  alternators  first  came  up,  water  rheostats 
were  quite  commonly  used,  it  being  the  belief  at  that  time  that 
the  facility  with  which  machines  could  be  thrown  together  was 
increased  by  loading  up  the  incoming  generator  in  this  way,  the 
load  also  being  used  more  or  less  for  obtaining  the  proper  speed. 

H.  H.  Barnes^  Jr. 

This  depends  upon  your  switchboard  attendants,  and  you 
are  always  taking  chances.  Augusta  Ry.  and  Elec.  Co. 

Thisr  is  practical,  but  should  not  be  necessary,  as  it  is  not 
difficult  to  slow  down  the  incoming  engine  by  means  of  the 
governor  or  throttle.  M.  P.  R.,  N.  Y.  Ed.  Co. 

K  16.  In  the  operation  of  alternators  in  parallel,  driven 
by  reciprocating  engines  and  turbines,  is  there  any  tendency 
shown  for  the  tnrbine  sets  to  take  all  or  nearly  all  the  fluctua- 
tions of  the  station  load? 

The  division  of  the  load  between  reciprocating  engines  and 
turbine-driven  alternators  in  parallel  depends  entirely  on  the 
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respective  governors.  By  a  proper  choice  of  governor,  either 
the  turbine-driven  or  engine-driven  units  may  be  made  to  take 
the  greater  share  of  the  load  fluctuations. 

H.  H.  Barnes^  Jr. 


A  very  good  discussion  of  this  appears  in  the  Electric  Club 
Journal,  February,  1905.  A.  Balsley. 

With  steam  turbines  operating  in  multiple  with  recipro- 
cating engines,  the  standard  adjustment  of  turbine  governors 
will  usually  force  the  turbo  set  to  take  practically  all  of  the 
fluctuations  This  can  be  corrected,  to  a  large  extent,  by  alter- 
ing the  adjustments  of  the  various  governors,  but  the  inherent 
close  regulation  of  the  steam  turbine  will  always  force  it  to 
take  more  than  its  proper  share  of  the  load. 

M.  Carrington. 


In  case  the  generators  have  similar  characteristics  as  regards 
regulation,  then  the  question  of  division  of  load  between  the 
above  units  will  be  principally  a  question  of  flyivheel  character- 
istics of  the  two  units  and  the  engine  characteristics.  Turbo- 
generators very  frequently  have  large  flywheel  capacity  and 
may  not  follow  quickly  the  changes  in  the  slow-speed  engine 
conditions  due  to  the  great  inertia  of  the  turbo-generator  field. 
Also  in  many  instances  the  speed  regulation  of  the  reciprocat- 
ing engines  has  been  made  comparatively  poor  in  order  to  assist 
parallel  running,  while  steam  turbines  may  be  designed  for  much 
better  speed  regulation,  as  it  is  not  necessary  to  make  the  govern- 
ing of  such  units  sluggish  to  assist  the  parallel  operation.  In 
consequence,  it  may  happen  that  a  turbo  unit  with  great  inertia 
and  good  speed  regulation  characteristics  may  be  operated  in 
parallel  with  reciprocating  unit  having  much  smaller  inertia 
and  much  poorer  speed  regulation.  In  such  a  case  the  turbo 
unit  will  take  the  fluctuations  of  the  load  to  a  considerable 
extent.  If  the  turbo  unit  were  replaced  by  reciprocating  unit 
having  similar  inertia  and  speed  characteristics,  this  latter 
unit  should  also  take  the  fluctuations  in  a  similar  manner. 

The  Westinghouse  Elec.  and  Mfg.  Co. 
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Steam  turbines  will  take  a  little  more  than  their  proper 
share  of  fluctuations  on  station  load. 

Charleston  Consou  Ry.^  Gas  and  Elec  Co. 

K  16.  In  the  operation  of  alternators  in  parallel,  driven  by 
reciprocating  engines  and  turbines,  what  tendency,  if  any,  is 
shown  for  a  heavy  cross  current  at  time  of  sudden  overload 
or  short-circuit? 

In  operating  reciprocating  engine  and  turbine  alternators 
in  parallel  the  tendency  is  for  the  turbine  to  take  the  overload, 
providing  the  regulation  of  the  alternators  is  the  same. 

Edw.  Schildhauer. 


Answer  to  question  K  15  should  cover  this.  The  same  cause 
that  could  make  certain  of  the  units  take  the  fluctuating  loads 
would  also  make  the  s^me  units  give  heavy  cross  currents  under 
extreme  conditions. 

The  Westinghouse  Elec.  and  Mfg.  Co. 

In  the  case  of  two  large  plants  operating  in  parallel,  one 
engine-driven,  the  other  turbine-driven,  no  serious  troubles  of 
the  kind  mentioned  have  been  noticed  from  overloads  or  short- 
circuits.  (  Unsigned.  ) 

E  17.  (a)  What  is  found  to  be  the  best  method  of  ground- 
ing the  star  point  of  large  (1000-kw  or  over)  generators — ground- 
ing through  one  rheostat  common  to  all  machines,  each  generator 
through  separate  rheostat,  or  otherwise,  and  (b)  what  sort  of 
rheostat  or  connection  to  ground  is  best? 

(a)  In  the  design  of  large  power  stations  it  has  generally 
been  conceded  that  the  best  practice  is  to  provide  a  single  rheo- 
stat which  is  common  to  all  generators  in  the  station,  this  rheo- 
stat being  designed  to  limit  the  current  in  the  common  ground 
lead  to  a  certain  predetermined  amount.  This  current  is  decided 
upon  by  the  conditions  existing  in  the  installation,  and  the 
grounding  is  primarily  for  the  protection  of  the  feeder  circuits. 
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(b)  The  resistance  is  usually  made  of  heavy  grids  of  resist- 
ance metal  mounted  in  suitable  frames,  the  whole  being  sup- 
ported on  insulators  suitable  for  the  required  voltage. 

Bertrand  Rowe. 

K  18.  In  motor-generator  sets  oonsisting  of  a  polyphase 
motor  and  direct-cnrrent  or  altemating-cnrrent  generator,  what 
advantages  have  induction  over  synchronous  motors? 

In  small  or  moderate  sizes  induction  motor  would  probably 
have  the  advantage  in  first  cost  over  synchronous.  Has  fewer 
accessories  and  requires  somewhat  less  care  in  operation,  par- 
ticularly in  starting.  It  is  also  free  from  "hunting"  sometimes 
found  in  synchronous  installations,  but  in  larger  sizes,  repre- 
senting considerable  percentage  of  the  capacity  of  generator  or 
lines,  its  low  power  factor  must  be  reckoned  with  and  it  is  at  a 
decided  disadvantage  in  that  it  has  not  the  valuable  property  pos- 
sessed by  the  synchronous  motor  of  correcting  the  power  factor 
of  the  line.  An  induction  motor-generator  set  is  also  inferior  to 
synchronous  set  or  rotary  converter  in  that  it  is  not  capable  of 
being  used  'inverted.*'  Ralph  R.  Laxton. 

The  principal  advantage  that  an  induction  motor  has  over 
a  STOchronous  motor  is  that  in  case  of  lightning  troubles  on  the 
alternating-current  system  the  induction  motor  is  not  seriously 
affected,  whereas  a  synchronous  motor  will  fall  out  of  step. 
In  case  of  a  lightning  discharge  through  the  arresters,  it  has  the 
effect  of  momentarily  diverting  the  current.  This  is  a  serious 
matter  in  operating  units  in  parallel.  I  should  recommend  induc- 
tion motors  wherever  there  is  Ughtning  trouble. 

H.  J.  GiLLE. 

The  advantages  of  an  induction  motor  over  a  synchronous 
motor  are  its  higher  breakdown  point,  and  also  that  it  can  be 
started  without  any  auxiliary  apparatus.  These  advantages  are 
overweighted  by  the  better  power  factor  of  the  synchronous 
motor,  which  is  an  important  feature.  H.  J.  Meyer. 

Induction  motors  will  operate,  even  after  one  phase  may 
be  open-circuited  after  they  are  started,  and  also  work  better 
on  variable  voltage  on  the  different  phases. 

Augusta  Ry.  and  Elec.  Co. 
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The  main  advantages  are  the  ease  of  starting  the  induction 
motor,  the  low  cost  of  necessary  switchboard,  the  fact  that  it 
will  not  "fall  out  of  step,"  the  fact  that  there  are  no  moving 
contacts  and  the  fact  that  no  exciting  current  is  necessary. 

See  Electrical  Club  Journal,  February,  1905. 

W.  R.  Collier. 


S>Tichronous  motor-generator  sets  may  be  used  to  raise  the 
power  factor  of  the  system,  while  induction  motor-generator 
sets  will,  of  necessity,  lower  the  power  factor;  but  where  the 
attendance  is  not  thoroughly  competent  more  harm  than  good 
will  probably  be  done  in  attempting  to  adjust  the  field  strength 
of  the  synchronous  motor  for  obtaining  the  best  results. 

An  additional  disadvantage  against  the  synchronous  set  lies 
in  the  fact  that  in  order  to  cut  down  line  disturbances  at  start- 
ing it  is  necessary  to  provide  some  external  means  of  bringing 
the  unit  up  to  the  synchronous  speed,  and  this  is  usually  accom- 
plished by  an  induction  motor. 

The  cost  of  the  induction  motor-generator  set  will  usually 
be  considerably  lower  than  that  of  the  synchronous  motor- 
generator  set,  especially  where  the  installation  is  fed  through 
transformers,  allowing  one-half  voltage  taps  to  be  taken  out 
for  starting  and  thus  eliminating  the  auto-starting  device, 
i  M.  Carrington. 


Simplicity  of  starting  devices  and  absence  of  exciter. 

Absence  of  field  rheostats  and  instruments. 

Rugged  construction  throughout. 

Motor  starts  with  load  and  without  friction  clutch. 

Running  current  not  dependent  upon  attendant,  or  wave 
form. 

Power  factor  not  changing  with  wave  form  or  excitation 
and  there  is  no  hunting. 

Does  not  react  upon  generator  as  does  the  synchronous  type. 

Changes   in   generator    speed   and   in   load   readily   taken 
care  of. 

Skilled  attendance  not  necessary  and  the  apparatus  is  simple 
both  in  construction  and  operation. 

The  Philadelphia  Elec.  Co. 
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Induction  motors  are  not  affected  by  drops  in  line  press- 
ure to  such  an  extent  as  s)^chronous  motors,  and  are  generally 
capable  of  standing  overload  conditions  with  less  liability  of 
trouble.  They  are  also  generally  easier  to  operate,  being  easier 
to  start  and  place  in  service  on  a  large  system. 

The  Edison  Elec.  Ill^g  Co.  of  Boston. 


The  induction  motor  requires  no  exciter  with  the  switch- 
board apparatus  incident  to  it.  It  is  simpler  in  construction, 
has  no  field  winding  with  liability  of  "field  discharge."  It  has 
no  rotating  winding  other  than  the  squirrel  secondary.  It  is 
easier  to  start,  takes  less  starting  current,  and  does  not  have 
to  be  synchronized.  It  is  not  overloaded  and  stopped  if  the 
voltage  of  the  supply  circuit  falls  momentarily  or  if  there  is 
a  heavy  load  or  short-circuit  on  the  generator.  As  it  has  no 
field  adjustment,  the  operator  can  not  disturb  the  voltage  or 
power  factor  of  the  circuit.  Accidents  that  would  injure  the 
motor  or  interfere  with  the  service  are  much  less  likely,  and 
satisfactory  operation  can  be  secured  with  a  lower  grade  of 
labor.  The  Westinghouse  Elec.  and  Mfg.  Co. 


Induction  motors  are  easier  to  start;  do  not  go  out  of  step 
and  cause  all  kinds  of  trouble  in  case  of  a  momentary  short-cir- 
cuit on  the  system  supplying  motor;  do  not  feed  back  into  a 
short-circuit  on  supplying  system ;  are  much  more  reliable  and 
easier  to  operate.  When  used  to  operate  alternating  generators 
in  parallel  it  is  much  easier  to  divide  the  load  properly  between 
the  generators  when  same  are  driven  by  induction  motors. 

M.  P.  R.,  N.  Y.  Ed.  Co. 


E  19.  Is  it  practical  to  nse  a  Hopkinson,  Eapp  or  other 
similar  test  on  two  S-phase  rotaries  in  the  substation,  connected 
to  mn  normally  in  multiple  from  the  same  'bus-bars,  which  are 
supplied  by  a  S-phase  line,  a  separate  engine  being  available  at 
the  generating  station?  Assuming  first  that  their  shafts  can 
not  be  interconnected;  and,  second,  that  they  can  be  intercon- 
nected.   Oive  description  of  method  or  connections. 


L  I      L— STORAGE  BATTERIES  AND  BOOSTERS       171 

If  induction  regulators  are  available  for  varying  the  direct- 
current  voltage,  one  rotary  can  be  run  inverted  by  adjusting  the 
regulators,  and  a  full  load  placed  on  each  rotary. 

If  induction  regulators  are  not  available,  the  test  can  be  made 
by  means  of  an  auxiliary  machine  having  an  ampere  capacity 
equal  to  that  of  one  of  the  rotaries  and  capacity  in  kilowatts 
equal  to  the  copper  losses  in  the  two  rotary  outfits.     The  two 


^ 


<k> 


rotaries  should  be  started  and  direct-current  voltage  equalized 
at  the  desired  value  for  the  test.  Then  the  auxiliary  machine 
should  be  connected  as  shown  in  the  diagram  and  the  field  of 
this  machine  be  adjusted  to  secure  the  desired  current  in  the 
armatures  of  the  rotaries.  D.  W.  Roper. 

STORAGE  BATTERIES  AND  BOOSTERS 

L  1.  What  is  the  valne  of  storage  batteries  floating  on 
exciter  circnits? 

They  serve  to  maintain  uniform  load  on  exciter. 

W.  H.  Greenslit. 

Perfect  operation  of  plant  if  exciters  give  out.     A.  Peters. 

Valuable  in  cases  where  exciters  are  all  driven  by  induction 
motors  and  where  all  alternating-current  units  are  in  parallel. 
Their  use  is  not  recommended  except  in  the  latge  station  where 
they  may  be  properly  charged  and  discharged.  W.  H.  C. 

If  properly  equipped  with  circuit-breakers,  guarantees  a 
practically  uninterrupted  exciting  current  for  generators. 

Harry  Hollis. 
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Close  regulation  and  reliability  of  service  insured. 

G.  Wilbur  Hubley. 

Insurance  of  service  and  means  for  rapid  starting  in  event 
of  a  shut-down. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

The  functions  of  these  batteries  may  be  grouped  under  three 
headings:  First,  regulation.  Second,  emergency  discharge  for 
excitation.    Third,  emergency  discharge  for  lighting. 

Under  the  first  heading,  batteries  are  especially  desirable  for 
maintaining  constant  voltage  on  the  exciter  1)us,  notwithstanding 
irregularities  in  the  operation  of  the  exciter  units.  These  irregu- 
larities are  particularly  liable  to  occur  where  current  for  excita- 
tion is  supplied  by  rotaries  or  motor-generators  operated  from 
the  alternators  themselves.  In  this  case,  any  tendency  to  change 
the  spaced  of  the  alternators  will  vary  the  voltage  of  the  exciter 
'bus  in  the  same  direction,  thus  magnifying  the  eflFect  on  the  alter- 
nator voltage.  In  order  to  obtain  the  best  results  from  a  battery 
used  for  this  purpose,  the  exciter  sets  should  have  a  drooping 
characteristic  so  that  their  voltage  will  be  held  at  the  proper 
point  with  the  least  amount  of  charge  or  discharge  in  the  battery. 

Under  the  second  heading,  a  battery  is  of  special  advantage 
for  emergency  discharge,  since  it  is  always  ready  to  take  its 
load,  no  time  being  lost  in  getting  it  into  service.  Should  trouble 
appear  with  any  one  of  the  exciter  units,  it  can  be  shut  down 
instantly  and  its  load  thrown  on  the  battery  until  another  unit 
can  be  put  in  service.  In  this  way  any  derangement  that  may 
be  of  minor  importance  at  first,  may  be  prevented  from  becoming 
more  serious.  In  case  the  entire  exciter  load  is  carried  by  one 
unit,  a  breakdown  of  this  unit  causes  a  total  interruption  of  the 
station  output  if  there  is  no  battery  floating  on  the  exciter  'bus. 
Where  the  exciter  current  is  furnished  by  rotaries  or  motor-gen- 
erator sets,  an  interruption  of  this  kind  must  continue  until  a 
steam-driven  exciter  can  be  put  into  service,  if  there  is  no  battery, 
since  there  is  no  alternating  current  available  for  operating  a 
motor-driven  set. 

Under  the  third  heading,  a  battery  on  the  exciter  'bus  is 
of  great  advantage  in  supplying  light  for  a  station  in  case  of  any 
accident  that  would  interrupt  the  operation  of  the  plant  and 
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otherwise  put  the  entire  station  in  darkness.  Even  with  a  steam- 
driven  exciter  this  result  might  ensue,  due  to  an  accident  to  the 
boiler  plant  or  steam  piping.  J.  Lester  Woodb^idge. 

Invaluable  as  an  insurance  of  continuous  service. 

H.  Bottomley. 


It  is  small.  Very  often  they  will  make  an  undesirable  com- 
plication; especially  when  the  exciters  are  compound  wound. 
The  more  reliable  the  exciters  are,  the  less  are  the  storage  bat- 
teries needed.  W.  H.  Wolvekamp. 

L  2.  Does  it  pay  a  small  plant  to  install  batteriesT  Wliat 
is  the  depreciation  of  storage-battery  installations  t 

(a)  Yes;  storage  batteries  are  a  paying  investment  where 
single-expansion  engines  are  used  and  fuel  is  high. 

(b)  Depreciation  is  very  slight.  W.  H.  Greensut. 

(a)  Under  certain  conditions,  yes.  If  a  small  plant  sells 
current  at  flat  rate,  no. 

(b)  With  care,  depreciation  is  very  little.  A.  Peters. 

(a)  It  depends  on  nature  of  loads;  usually  the  installation 
would  not  be  justified. 

(b)  Depreciation  is  about  10  per  cent  under  favorable  con- 
ditions. G.  Wii-BUR  Hubley. 

It  depends  upon  the  nature  of  the  service.  E.  L. 

Each  case  should  be  given  sp^ecific  consideration.  In  the 
abstract,  many  small  plants  now  giving  only  night  service  could 
profitably  furnish  a  24-hour  service  by  installing  batteries  for  the 
daylight  demand ;  these  batteries  also  being  available  for  assist- 
ing the  generators  during  the  peak  hours,  thus  adding  to  the 
station  capacity  to  meet  increasing  loads. 

Chas.  Blizard. 
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The  depreciation  of  storage-battery  installations  depends 
largely  upon  the  man  in  charge  of  the  plant.  If  the  simple 
instructions  furnished  for  the  proper  care  of  batteries  are  fol- 
lowed, plate  renewals  for  small  installations,  comparing  favor- 
ably with  isolated  plants,  should  average  about  six  per  cent 
per  annum  of  the  cost  of  the  battery  installation. 

John  R.  Williams. 

(a)  Supposing  that  by  "small  plant"  central  station  is 
meant,  I  should  say.  No. 

(b)  About  10  per  cent  is  considered  a  fair  average,  but  it 
depends  a  good  deal  on  the  kind  of  work  the  batteries  are  doing, 
and  on  the  care  they  get.  W.  H.  Wolvekamp. 

L  3.  Is  it  not  more  profitable  for  medium-sized  plants  to 
increase  their  station  capacity  than  to  pnt  in  storage  batteries  ? 

If  a  plant  runs  all  day  and  the  day  load  is  light  and  un- 
economical, put  in  a  battery  to  carry  day  load  and  p'eak  of  night 
load.  A.  Peters. 

Yes.  G.  Wilbur  Hubley. 

As  a  battery  may  be  discharged  in  multiple  with  the  gen- 
erators to  take  a  portion  of  the  peak  load,  it  consequently 
increases  the  station  capacity  by  the  portion  of  the  peak  that  it 
takes.  As  to  whether  the  increase  in  the  capacity  of  the  main 
generating  station  should  be  made  by  generators  or  batteries, 
depends  upon  several  factors,  the  most  important  ones  gener- 
ally being  the  shape  of  the  peak  and  the  values  placed  upon 
close  regulation  and  upon  the  reserve  furnished  by  a  battery. 

Chas.  Blizard. 

In  most  cases  it  will  be  the  best  practice  to  increase  the 
station  capacity.  If  the  generating  units  are  very  large  com- 
pared with  the  average  light  load,  the  storage  batteries  will  give 
a  better  load  factor,  but  this  gain  will  not  compensate  for  tlie 
batteries'  loss  and  expense.  A  very  important  fact  is  that  spare 
station  capacity  is  good  for  24  hours  per  day  at  maximum  load, 
and  the  batteries  are  only  good  for  one  or  a  few  hours  at  maximum 
load  at  certain  times.  W.  H.  Wolvekamp. 
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L  4.  Wliat  would  be  the  original  cost,  oost  of  operation  and 
cost  of  maintenance,  of  a  set  of  accnmnlators  to  operate  200 
16-candle-power,  110- volt  lamps  three  honrs? 

The  approximate  cost  of  a  battery  of  this  capacity,  installed 
on  a  three-wire  system,  with  switchboard  and  without  boosters, 
would  be  $3600.  No  additional  labor  would  be  required  for  its 
operation.  Chas.  Blizard. 

The  answer  to  question  L  2  applies  to  the  maintenance  feat- 
ure of  this  question,  and  assuming  the  original  cost  as  $3600, 
the  cost  of  plate  renewals  should  average  about  six  per  cent,  or 
$216  per  annum.  John  R.  Williams. 

The  original  cost  of  the  accumulators  with  their  accessories 
may  differ  widely,  according  to  the  buyer's  choice.  The  cost 
of  operation,  without  labor  of  taking  care  of  the  batteries,  will 
be  approximately  the  cost  of  66  hp-hours  of  the  motive  power. 
The  cost  of  maintenance  per  year  will  be  about  10  per  cent  of 
the  batteries'  cost  price,  but  this  is  variable,  according  to  the 
care  they  get.  W.  H,  Wolvekamp. 

L  6.  What  is  the  ampere  capacity  of  a  storage  battery  at 
high  rates  of  discharge,  say  the  6,  10,  16,  20,  30  and  46-minnte 
rate,  in  terms  of  the  one-honr  rate? 

It  depends  upon  the  kind  of  plates,  condition,  formation  and 
age.  The  twenty-minute  rate  is  usually  considered  as  being 
double  the  one-hour  rate.  *    E.  L. 

The  above  rates  in  multiples  of  the  one-hour  rate  for  plates 
specially  designed  for  working  at  high  rates  of  discharge  are 
respectively  as  follows:  4.5,  3,  2.5,  2,  1.5  and  1.2  times  the  one- 
hour  rate.  It  may  be  stated,  however,  that  the  extremely  high 
rates  are  impracticable.  Hugh  Lesley. 

L  6.  Can  a  storage  battery  be  snccessfnlly  connected  to  the 
Edison  3-wire  system  so  that  it  will  automatically  charge  or 
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ditoharge  as  the  rise  or  fall  of  the  current  strength  may  demandi 
without  the  oare  of  an  operator  at  the  substation? 

Why  not  use  differential  boosters  with  batteries? 

A.  Peters. 

Yes.  G.  Wilbur  Hubley. 

Not  very  well,  if  close  regulation  is  desired. 

W.  H.  WOLVEKAMP. 

The  question  evidently  refers  to  a  storage  battery  located  in 
a  battery  substation  at  some  distance  from  the  generating  station. 
To  a  certain  extent  a  battery  so  located  will  discharge  or  charge 
with  rise  or  fall  of  the  load  without  any  automatic  regulation. 
The  voltage,  however,  will  not  remain  absolutely  constant  under 
these  conditions,  but  will  follow  the  voltage  characteristics  of  the 
battery.  To  maintain  constant  voltage  by  automatic  regulation 
would  involve  automatic  control  of  the  end-cell  switch,  since 
booster  control  would  be  prohibited,  under  such  circmustances, 
without  attendance.  It  would  doubtless  be  possible  to  devise  a 
method  of  automatic  end-cell  switch  control  which  would  respond 
to  changes  of  voltage,  thus  producing  the  necessary  charge  or 
discharge  of  the  battery  required  to  maintain  constant  potential 
with  varying  load,  by  throwing  end  cells  in  or  out.  The  state 
of  perfection  already  attained  in  the  development  of  remote  con- 
trol for  end-cell  switches,  would  indicate  that  this  might  be 
extended  to  produce  the  results  above  mentioned  Nothing  of 
this  kind,  however,  has  as  yet  been  attempted,  and  there  seems 
to  be  no  immediate  demand  for  such  a  scheme. 

J.  Lester  Woodbridge. 

L  7.  Is  there  a  formula,  or  what  determines  the  ratio  of 
storage-battery  capacity  to  total  connected  load  in  large  cities? 

There  is  no  formula,  the  battery  capacity  being  governed 
solely  by  the  opinions  of  the  engineering  force  or  the  officials  of 
the  companies,  and  the  investment  that  the  companies  in  the 
various  cities  are  wflling  to  make  for  this  insurance. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 
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There  is  no  accepted  formula,  the  percentage  of  battery 
capacity  being  fixed  by  local  conditions.  Battery  capacities  at  the 
one-hour  discharge  rate  vary  from  15  to  40  per  cent  of  the 
maximum  direct-current  load.  Chas.  Blizard. 

It  seems  to  me  that  it  depends  upon  the  judgment  of  tlie 
manager  and  superintendent  of  the  station.  In  order  to  deter- 
mine the  size  of  the  tiatteries  and  number  of  cells,  many  points 
should  be  taken  into  consideration;  such  as  what  their  work  is 
going  to  be,  size  of  peak  of  load,  size  of  generator  units,  load 
factor,  et  ccBtera.  W.  H.  Wolvekamp. 

L  8.  (a)  Wliat  is  the  actual  effloienoy  (enei^^)  obtained 
from  a  storage  battery,  (b)  the  efficiency  (quantity)  T 

About  70  p«r  cent.  G.  Wilbur  Hubley, 

The  efficiency  depends  on  the  rate  of  discharge  and  charge. 
In  actual  practice,  making  six  tests  on  140  cells  (3- wire  system) 
of  200  amperes  for  two  hours  capacity,  I  found  at  maximum 
charging  rate  75  amperes  and  maximum  discharge  rate  200' 
amperes  two  hours  on  each  side,  the  average  ampere  efficiency 
81  per  cent  and  the  average  watts  efficiency  78  per  cent  (for 
batteries  only).  Figuring  in  the  loss  of  energy  in  the  motor  for 
charging  with  two  boosters,  the  watts  efficiency  dropped  to  51 
per  cent.  W.  H.  Wolvekamp. 

The  energ>%  or  watt  efficiency,  of  a  central-station  storage 
battery,  under  the  usual  service  conditions,  is  from  70  to  75  per 
cent.  The  quantity,  or  ampere  efficiency,  is  from  88  to  92  per 
cent.  Hugh  Lesley. 

L  9.  Is  it  advisable  to  nse  recording  voltmeters  and' 
ammeters  in  connection  with  the  operation  of  storage  batteries?' 
If  so,  to  what  extent  and  for  what  pnrpose? 

Recording  voltmeter  placed  on  a  specified  number  of  cells 
will  give  point  of  cut-off  for  charge.  Recording  ammeter  will 
show  action  of  batteries  through  24  hours.  It  is  especially  ad- 
visable to  install  the  voltmeter.  A.  Peters. 

V.  2 — T2 
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Yes.  Records  of  this  kind  are  always  valuable  in  keeping 
check  on  operator's  care.  W.  H.  Greenslit. 

Recording  voltmeters  are  necessary;  recording  ammeters 
are  not.  E.  L, 

Recording  ammeter,  and,  better  still,  recording  wattmeter 
with  dial  readings  will  be  found  a  desirable  instrument  in  many 
cases.  It  is  a  convenient  check  on  how  much  the  batteries  have 
been  discharging  and  approximately  how  much  charge  they  want 
again.  W.  H.  Wolvekamp. 

Recording  voltmeters  have  been  in  very  general  use  for 
several  years,  arid  it  has  been  thoroughly  proven  that  they  are 
of  very  great  value  in  the  proper  operation  of  batteries. 

Recording  ammeters  are  used  to  a  very  limited  extent  and 
have  not  proved  satisfactory  as  a  guide  in  following  the  working 
of  a  battery,  as  the  scale  on  these  instrimients  is  such  that  an 
accurate  record  of  the  wide  variations  of  current  can  not  be 
obtained.  Hugh  Lesley. 

L  10.  Has  a  simple  method  been  fonnd  for  taking  the  acid 
fnmes  ont  of  the  air  discharged  from  storage-battery  rooms? 

Draw  air,  by  means  of  a  disc  exhaust  fan,  from  the  battery- 
room  through  a  series  of  four  or  five  fine  brass  screens  (about 
30  wires  of  No.  30  wire  to  the  inch).  Each  screen  should  have 
an  area  of  about  double  that  of  the  exhaust-fan  opening. 

E.  L. 

Acid  fumes  have  been  satisfactorily  removed  from  the  bat- 
tery-room air  in  an  experimental  way,  but  in  Boston  an  installa- 
tion is  now  being  made  to  filter  the  air  in  a  large  battery  instal- 
lation. I.  E.  MOULTROP. 

This  can  be  readily  accomplished  by  passing  the  air  through 
a  material  of  fine  mesh  located  in  front  of  the  outlet  flue.  By 
this  method  the  air  is  thoroughly  cleared  of  acid  particles  and  is 
discharged  free  from  all  objectionable  features. 

Hu'JH  Lesley. 
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L  11.  What  results  have  been  obtained  from  use  of  boardi 
separators  in  storage  batteries? 

The  results  are  very  satisfactory  on  certain  batteries. 

E.  L. 

Board  separators,  properly  prepared  for  use  in  storage  bat- 
teries have  proved  of  the  greatest  value  in  all  cases  where  they 
have  been  installed.  They  not  only  improve  the  condition  of  old 
batteries,  but  when  installed  in  new  batteries  serve  to  maintain 
them  in  good  condition  for  a  longer  period  than  any  other  type 
of  separator  yet  developed.  In  many  cases  the  introduction  of 
board  separators  has  increased  the  life  of  the  plates  two  years, 
and  even  more,  where  plate  renewals  would  have  otherwise  been 
necessary.  The  development  of  the  board  separator  has  been 
one  of  the  greatest  improvements  in  the  storage-battery  art  in 
recent  years.  Hugh  Lesley. 

L  12.  What  methods  are  used  in  removing  sediment  from 
storage  cells,  and  which  is  considered  most  satisfactory? 

Use  two  scoops  made  of  wood,  well  asphalted;  make  blade 
of  one  three  and  one-quarter  inches  long,  the  other,  say,  seven 
or  eight  inches  or  longer,  according  to  width  of  cell.  Scoop  up 
all  you  can  get  with  the  short  scoop,  then  use  the  larger  one. 
You  can  also  draw  off  acid,  and  if  water  is  good  and  pure  fill 
cell ;  and  then,  while  water  runs  in  at  one  side  siphon  off  at  the 
other,  stirring  up  the  sediment  all  the  time.  I  think,  while  the 
scoop  method  is  perhaps  the  slow  method,  the  ordinary  battery 
attendant  will  find  it  the  best.  A.  Peters. 

Take  elements  out  of  cell,  siphon  off  electrolyte  and  scoop 
out  sediment.  Harry  Hollis. 

Remove  the  greater  part  of  the  acid,  stir  up  the  sediment 
by  means  of  paddles  and  a  strong  force  of  water  from  a  hydrant 
or  pump.  At  the  same  time  remove  the  sediment  and  water,  by 
means  of  a  pump,  provided  the  siphon  method  can  not  be  used. 
Run  the  water  through  a  settling  tank.     Continue  the  process 
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until  all  of  the  sediment  has  been  removed.  Refill  with  acid. 
Only  a  few  plates  have  to  be  cut  out  when  this  method  is  followed, 
and  none  have  to  be  taken  out  of  commission.  E.  L. 

One  way  is  to  scoop  the  sediment  out  at  the  side  and  from 
under  the  plates;  but  this  is  generally  not  satisfactory.  The 
best  method  is  to  charge  the  cell,  siphon  or  pump  out  the  elec- 
trolyte, pour  in  water,  stir  the  sediment,  siphon  out  again,  and 
repeat  the  operation  till  sediment  is  removed. 

W.  H.  WOLVEKAMP. 

The  best  method  of  removing  sediment  is  dependent  upon 
the  size  of  the  cells  of  a  battery.  For  the  smaller  sized  batteries 
it  is  usually  most  convenient  and  least  expensive  to  withdraw 
the  sediment  from  the  bottom  of  the  cells  by  means  of  a  wooden 
rake  or  scoop.  For  batteries  of  larger  sizes  a  siphoning  or 
pumping  method  is  used,  the  electrolyte  being  circulated  through 
a  system  of  tanks  in  which  the  sediment  settles  out. 

Hugh  Lesley. 

L  13.  When  a  leak  has  once  developed  in  lead-lined  oak 
tanks,  saturating  the  wood  with  electrolyte,  and  the  leak  in 
the  lining  been  repaired,  cells  mounted  on  porcelain  feet  fonr 
inches  high,  will  electrolytic  action  set  in  with  a  likelihood 
of  pitting  the  lining  from  the  bottom  npward  and  rotting  the 
wooden  tank?  If  not,  what  is  responsible  for  snch  action?  If 
so,  is  there  any  known  remedy  other  than  the  replacing  of 
tanks,  once  they  leak?  It  has  taken  place  in  a  number  of  cells 
with  entirely  new  linings  bnt  old  tanks. 

Yes.  Best  to  put  in  entire  new  tank.  Dry  wooden  tank 
thoroughly  before  new  lining  is  placed,  and  coat  heavily  with  a 
good  insulating  paint.  I  think  pitting  of  lead  lining  is  due  to 
electrolysis.  Harry  Hollis. 

Once  the  cell  leaks  and  the  insulation  is  broken  down  through 
electrolytic  action,  the  lead  lining  must  be  repaired  and  new  sup- 
porting insulators  installed  underneath  the  tank.  The  fault  is 
in  the  old  insulators  and  not  in  the  new  lining  or  wood.  In  all 
probability  the  current  leakage  to  ground  goes  through  and  not 
over  the  supporting  insulators.  E.  L. 
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The  electrolytic  action  was  caused,  perhaps,  by  iron  screws 
that  fasten  to  the  bottom  of  the  wooden  tank  the  blocks  that 
stand  on  the  insulators.  W.  H.  Wolvekamp. 

In  the  case  of  cells  where  porcelain,  or  insulators,  are 
used,  there  is  likely  to  be  a  recurrence  of  electrolytic  action  and 
subsequent  leakage  in  tanks  in  which  the  lining  has  been  repaired 
if  the  insulators  have  become  saturated  with  acid,  as  is  fre- 
quently the  case  with  cells  that  have  once  leaked.  Simply  wash- 
ing the  insulators  with  an  alkaline  solution  has  not  proved  suf- 
ficient to  neutralize  the  acid  they  have  absorbed,  so  that  the 
only  safe  method  to  prevent  recurrence  of  leakage  is  to  substi- 
tute glass  insulators  for  those  of  porcelain,  which  are  very  apt 
to  be  porous.  Hugh  Lesley. 

L  14.  What  paint  or  oompound  have  you  found  most  satis- 
factory for  painting  the  outside  of  storage-battery  tanks  to  pro- 
tect them  from  the  action  of  the  acid  fumes? 

Asphaltum  paint  is  satisfactory.  Cells  should  be  occasionally 
washed  down  with  a  strong  solution  of  bicarbonate  of  soda  and 
afterward  wiped  dry.  E.  L*. 

The  most  suitable  compound  for  this  purpose  is  a  special 
pTiint  known  to  the  trade  as  "Improved  Battery  Black  Paint," 
which  has  a  high  grade  of  asphaltum  for  a  base. 

Hugh  Lesley. 

L  15.  What  are  the  relative  merits  of  the  booster  and  the 
end-cell  switch  methods  for  battery  regulation  on  light  and 
power  systems?  Is  any  lighting  company  using  the  booster 
method  of  a  3-wire  Edison  system? 

Batteries  are  used  very  largely  in  Edison  stations  as  a 
reserve  and  are  consequently  called  upon  in  case  of  emergency 
to  discharge  at  very  high  rates.  Batteries  never  break  down 
without  having  given  ample  warning,  while  on  the  other  hand, 
generating  apparatus  or  boosters  may  fail  without  having  given 
any  preliminary  indications  of  trouble.  This  feature  of  the 
generator  or  booster  has  been  one  of  the  reasons  why  it  has  not 
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been  used  to  displace  end  cells.  When  a  battery  is  called  upon 
in  cases  of  emergency,  all  of  its  parts  should  be  equally  reliable, 
and  were  a  booster  to  be  used  in  place  of  the  end  cells,  such 
would  not  necessarily  be  the  case. 

I  believe  that  there  is  one  Edison  company  experimentally 
using  a  booster  in  connection  with  one  of  its  batteries. 

Chas.  Blizard. 

L  16.  In  what  order  of  importance  do  central-station  com- 
panies regard  the  functions  of  their  storage  batteries  T  (a)  Kegn- 
lation.     (b)  Taking  of  the  peak  load,     (c)  Emergency  resenre. 

(i)  Emergency  reserve. 

(2)  Taking  the  peak  load. 

(3)  Regulation.  A.  L.  Landsberg. 

I  should  say  that  the  relative  order  of  importance  is  as 
follows : 

(i)  Emergency  reserve. 

(2)  Regulation. 

(3)  Taking  care  of  peak  load.  H.  T.  Hartman. 

Emergency  reserve.    Peak  load.    Regulation. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 

In  the  larger  plants — reserve,  first;  peak  work,  second; 
regulation,  third.  In  the  smaller  plants,  peak  work  or  regulation 
is  generally  given  first  place.  Chas.  Blizard. 

L  17.  What  should  be  the  ratio  of  the  battery  capacity 
at  the  one  and  one-qnarter  honr  rate  to  the  total  generating 
capacity  in  central-station  systems? 

There  is  no  fixed  ratio,  the  proportion  of  battery  capacity 
to  total  direct-current  load  being  fixed  by  local  conditions.  In 
this  country,  battery  capacity  at  the  one-hour  rate  of  discharge 
varies  from  15  to  40  per  cent  of  the  maximum  direct-current  load. 

Chas.  Blizard. 

For  the  Chicago  companies  the  ratio  is  between  25  and 
30  per  cent.  Geo.  E.  McKana. 
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L  18.  When  sulphate  forms  on  plates^  what  is  the  best 
method  for  removing  it? 

If  a  battery  has  been  overdischarged  to  such  a  point  that 
sulphate  has  become  visible  on  the  plates,  it  should  be  recharged 
at  a  low  rate,  the  charge  being  continued  until  all  the  evidences 
of  full  charge  are  present.  Several  charges  may  be  required 
before  the  plates  regain  their  normal  appearance.  In  some  cases 
there  is  a  thin  film  of  sulphate  on  the  surface  of  the  plates,  par- 
ticularly the  negatives,  which  may  be  broken  up  or  scattered  over 
the  surface  of  the  plates,  which  overcharge  does  not  reduce.  If 
this  coating  easily  falls  off  when  touched  with  a  stick,  showing 
the  proper  plate  color  beneath,  the  cells  have  been  restored  to 
proper  condition,  and  it  is  unnecessary  to  further  endeavor  to 
reduce  the  sulphate  scales.  Hugh  Lesley. 

Try  a  very  low  charging  rate.  W.  R.  Collier. 

The  normal  chemical  reaction  that  takes  place  in  a  storage 
battery  while  discharging  is  the  production  of  lead  sulphate  on 
both  plates.  This  is  what  may  be  termed  healthy  sulphating ;  but 
there  is  a  condition  in  which  a  whitish  scale  forms  on  the  plates, 
and  plates  thus  coated  are  said  to  be  dangerously  sulphated.  A 
plate  in  this  condition  is  incapable  of  giving  good  service. 

The  conditions  under  which  this  objectionable  sulphating  is 
likely  to  occur,  are  as  follows: 

(i)  A  cell  may  be  overdischarged,  that  is,  completely  run 
down,  and  left  in  this  condition  for  some  time. 

(2)  It  may  have  been  left  partially  discharged  for  some 
time  even  though  the  limit  has  not  been  reached. 

(3)  The  electrolyte  may  be  too  strong. 

(4)  The  electrolyte  may  be  too  hot. 

(5)  A  short-circuit  between  the  plates  may  cause  a  cell  to 
run  down  on  open  circuit  and  when  the  battery  is  charged  the 
cell  will  receive  only  a  partial  charge  as  compared  with  the 
rest  of  the  battery. 

Some  of  the  sulphatt  may  be  removed  by  carefully  scrub- 
bing the  plates  with  a  brush.  The  cell  may  then  be  charged 
at  a  low  rate  (about  one-half  normal)  for  &  long  period.  By 
fully  charging  and  only  partially  discharging  foi   a  few  times, 
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the  unhealthy  sulphate  is  gradually  reduced.  When  the  cells 
are  only  slightly  sulphated  the  latter  treatment  is  sufficient  with- 
out scrubbing.  When  the  cells  are  very  badly  sulphated,  the 
charge  should  be  at  about  one-quarter  the  normal  rate  for 
several  days,  with  frequent  intermissions  of  a  few  hours. 

Geo.  T.  Sexton. 


SWITCHBOARDS,     INSTRUMENTS     AND     STATION 

WIRING 

M  1.  What  one  particular  feature  in  your  switchboards, 
instruments  and  station  wiring  has  been  the  greatest  danger  to 
reliability  (a)  to  service  from  your  station?  (b)  From  your  sub- 
station?    (c)  What  remedy  did  you  apply? 

(a  and  b)  Fuses,  (c)  Adopted  General  Electric  expulsion 
fuse.  W.  H.  Greenslit. 

The  grounding  of  the  feeders  from  the  generators  to  switch- 
board, due  to  the  iron-pipe  conduit  not  being  lined,  although  the 
cables  were  okonite  insulation  with  an  additional  covering  of 
circular-loom  over  cables.  Geo.  W.  Richardson. 

Our  particularly  bad  feature  was  the  breaking  down  of  in- 
sulation on  our  primaries  by  lightning,  which  got  into  our  board 
on  the  pressure  wires.  Our  remedy  was  to  better  the  insulation 
and  put  lightning  arresters  on  the  pressure  wires. 

L.  E.  Watson. 

The  greatest  danger  we  have  noticed  in  the  past  is  the  possi- 
bility of  forgetting  to  throw  in  the  equalizing  switch,  which 
is  on  a  separate  pedestal. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

(a)  Dirt  on  the  switchboard  and  sticking  of  circuit-breakers, 
(c)  Careful  attention  to  these  details  will  remedy  any  danger 
therefrom.  Augusta  Ry.  and  Elec.  Co. 
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M  2.  What  are  the  principal  troubles  likely  to  occur  with 
remote-controlled  oil  switches  for  pressures  above  6000  volts  T  To 
what  causes  have  failures  of  oil  switches  to  open  circuits  been 
attributed  T 


One  of  the  principal  troubles  arises  from  moisture  in  the 
oil.  This,  of  course,  can  be  remedied  by  care  in  obtaining  only 
pure  oil  and  seeing  that  it  is  not  exposed  before  placing  in  the 
switch.  Where  tanks  are  not  filled  to  the  proper  level  trouble 
has  been  experienced,  in  some  cases,  by  air  bubbles  being  drawn 
below  the  surface  when  the  switch  was  opened.  The  presence 
of  air  in  the  oil  lowers  the  dielectric  strength  an5  tends  to 
facilitate  starting  arc  across  the  terminals.  In  the  best  types  of 
switches  now  on  the  market  this  trouble  is  practically  obviated 
by  contracting  the  insulating  lining  of  the  tanks  to  approximately 
the  outlines  of  the  terminals  and  using  the  switch  rod  as  a 
barrier  between  the  terminals. 

The  cause  of  failure  to  open-circuit  can  usually  be  traced 
to  freezing  of  the  contacts.  Contacts  should  be  so  designed  as 
to  give  the  maximum  amount  of  spring  contact  with  a  slight 
rubbing  action,  tending  to  keep  the  surfaces  in  good  condition. 
In  the  larger  sized  switches,  which  are  shipped  knocked  down, 
care  should  be  exercised  in  lining  up  very  accurately  so  that 
full  benefit  may  be  obtained  from  the  contact  area  provided. 

Switches  should  also  be  designed  with  positive  and  direct 
action,  and  the  open  position  should  be  maintained  by  gravity. 

Means  should  always  be  provided  for  opening  the  switch 
by  hand  in  case  of  failure  of  the  control  circuit  from  any  cause. 

M.  Carrington. 


M  3.  What  success  has  been  attained  with  the  '^horn-type" 
high-tension  open-air  switch?  Does  not  above  switch  throw 
considerable  strain  upon  apparatus? 


Any  switch  that  will  prolong  and  extend  an  arc  will  cause 
increased  rise  in  potential,  consequently  the  effect  of  horn-type 
switch  is  a  strain  on  the  apparatus.  Edw.  Schildhauer. 
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H  4.  Are  soapstone  itmotnret  necessary  in  'bus-bar  instal- 
lations of  high  voltage  and  large  power? 

Not  absolutely  necessary,  but  should  think  it  good  construc- 
tion. F.  C.  S.,  Malden  Elec.  Co. 

* 

Some  form  of  fireproof  structure  is  necessary.  Reenforced 
concrete  is  better  for  this  work  than  soapstone,  having  the  ad- 
vantage of  greater  mechanical  strength,  is  much  cheaper,  and  is 
its  equal  as  a  dielectriq.  Harry  M.  Hope. 

They  are  advisable,  but  under  some  conditions  could  be  done 
away  with.  The  Edison  Elec.  Ill'g  Co.  of  Boston. 

The  *bus-bars  for  the  high-voltage  system  should  be  enclosed 
by  a  fireproof  material  and  something  that  is  not  seriously  affected 
by  the  electrical  action.  It  does  not  necessarily  call  for  the  use 
of  soapstone.  I.  E.  Moultrop. 

M  6.  Should  switchboards  of  large  stations  be  made  self- 
explanatory;  i.  e.,  have  the  connections  diagrammatically  indi- 
cated on  the  face? 

No ;  they  should  be  so  arranged  as  to  eliminate,  as  nearly  as 
possible,  the  danger  of  developing  short-circuits  by  throwing  of 
switches.  W.  H.  Greenslit. 

It  is  well  to  have  diagrammatical  indication  of  the  principal 
connections  of  a  large  station  wherever  there  is  considerable  re- 
mote-controlled apparatus.  B.  Jamiesox. 

Yes.  This  is  in  most  cases  omitted  where  some  individual 
thinks  he  has  a  mortgage  on  the  job.         Geo.  W.  Richardson. 

Yes.  F.  C.  S.,  Malden  Elec.  Co. 

Yes.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

The  value  of  diagrammatic  connections  on  the  face  of  switch- 
boards lies  chiefly  in  the  information  it  furnishes  new  operators. 
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it  being  noted  that  after  a  short  time  skilled  operators  pay 
little  attention  to  the  diagram. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

It  is  very  desirable  to  have  a  diagram  showing  connec- 
tions, framed  and  kept  near  switchboard. 

J.  T.  Cowling. 

M  6.  Is  it  not  the  best  policy  to  have  your  switchboard 
very  simple — ^to  eliminate  fuses  and  circuit-breakers? 

See  answer  to  K  5.  C.  F.  Haywood. 

The  simplicity  of  all  connections  in  wiring  is  an  extremely 
desirable  feature,  and  in  some  remote  instances  it  may  be  desirable 
to  eliminate  protective  devices,  such  as  fuses  and  circuit-breakers. 
This  is  particularly  true  in  cases  of  machines  that  are  so  de- 
signed that  they  will  carry  only  a  certain  amount  of  overload, 
and  beyond  this  point  cease  to  supply  an  excessive  current,  hence 
can  produce  no  injurious  overheating. 

Generally,  however,  it  is  necessary  to  protect,  in  the  most 
efficient  manner,  valuable  apparatus  which  can  be  injured  by  an 
overload.  Especially  is  this  true  of  subfeeder  circuits  where  ex- 
cessive trouble  on  such  subcircuits  will  automatically  cut  out  that 
circuit  and  not  interfere  with  the  operation  of  the  rest  of  the 
system. 

It  is  better  practice  to  complicate  the  wiring  on  the  board 
a  little  more  and  protect  the  individual  circuits  as  well  as  the 
main  circuits,  rather  than  to  risk  a  disastrous  trouble,  which  may 
result  from  a  very  small  cause,  but  may  spread  on  the  switchboard 
and  possibly  involve  the  entire  apparatus.  E.  W.  Gough. 

Yes.    Eliminate  fuses  but  not  circuit-breakers. 

F.  C.  S.,  Malden  Elec.  Co. 

Yes;  but  fuses  and  circuit-breakers  are  necessary. 

W.  H.  Greenslit. 

I  would  say,  by  all  means  use  circuit-breakers  and  fuses  of 
the  enclosed  type  on  rear  of  board.  A.  Peters. 
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Yes ;  it  is  desirable  to  simplify  as  much  as  possible,  but  fuses 
or  circuit-breakers  as  protective  devices  are  essential. 

G.  Wilbur  Hubley. 

No.  G.  H.  CUSHMAN. 

We  believe  a  switchboard  can  not  be  too  simple  in  arrange- 
ment, but  think  the  protection  afforded  by  fuses  and  circuit- 
breakers  very  important.  A.  R.  MacKinnon. 

Fuses  should  be  eliminated  except  on  potential  transformers 
and  circuit-breakers  should  be  retained  only  on  feeders. 

C.    W.    HiGGINS. 

Yes;  it  is  advisable  to  make  switchboard  simple,  omitting 
fuses  as  far  as  possible,  but  not  omitting  circuit-breakers  of  re- 
liable pattern.  Chas.  H.  Peters. 

The  Denver  Gas  and  Electric  Company  has  eliminated  all 
fuses  and  breakers  from  the  alternating-current  board,  causing  a 
great  improvement  in  its  service.  H.  S.  Russell. 

Simplicity  is  desirable,  but  circuit-breakers  should  not  be 
eliminated.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

No.  Augusta  Ry.  and  Elec.  Co. 

It  is  very  desirable  to  have  switchboards  as  simple  as  pos- 
sible, but  not  to  the  extent  of  leaving  out  any  necessary  or  really 
useful  devices  or  instruments.  Unnecessary  fuses  or  circuit- 
breakers  are  a  nuisance.  M.  P.  R.,  N.  Y.  Ed.  Co. 

A  simple  switchboard  is  much  to  be  desired,  but  the  elimi- 
nation of  fuses  and  circuit-breakers  is  an  impossibility  in  an 
alternating-current  system  if  reliable  and  continuous  service  is 
to  be  supplied.  The  Edison  Elec.  Ill*g  Co.  of  Boston. 

M  7.  Is  it  standard  practice  to  place  fuses  in  the  primary 
connections  of  pressure  transformers  supplying  switchboard  volt- 
meters, wattmeters,  etc.? 

Pressure  transformers,  supplying  switchboard  voltmeters, 
wattmeters,  et  ccctera,  are  not  always  fused  on  the  primary  side. 
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but  in  case  a  serious  trouble  develops  on  one  of  these  transformers 
it  may  spread  to  other  circuits  of  far  greater  moment.  The  short- 
circuiting  and  arcing  of  a  small  potential  transformer  may  start 
a  fire  that  would  prove  very  disastrous  and  far-reaching.  Gener- 
ally speaking,  therefore,  it  would  be  better  practice  to  fuse  the 
primaries  of  these  transformers,  and  such  practice  is  very  largely 
carried  out  in  modem  installations.  E.  W.  Gough. 

No.  W.  H.  Greenslit. 

Yes.  G.  Wilbur  Hubley. 

Yes.  Louis  I.  Porter* 

Yes.  C.  A.  Keeler. 

No.  F.  C.  S.,  Malden  Elec.  Co. 

Yes.  Fred  B.  Sharpe. 

Yes.  G.  H.  CusHMAN. 

Yes.  Harry  M.  Hope. 

Yes.  A.  R.  MacKinnon. 

We  have  found  it  good  practice  to  fuse  potentional  trans- 
formers. In  a  number  of  instances  we  have  lost  only  the  fuses^ 
and  several  times  lost  both  transformer  and  instrument  when 
transformer  was  not  fused.     The  Colorado  Springs  Elec.  Co. 

It  is  good  practice.  H.  S.  Russell. 

It  is  done  here  (Denver)  with  good  results. 

C.  F.  Haywood. 

Yes.  J.  F.  DosTAL. 

Some  companies  use  fuses  on  pressure  transformers,  but 
many  do  not.  A  set  of  fuses  should  be  placed  on  the  primary 
to  lessen  the  danger  from  fire  in  case  of  a  short-circuit  in  the 
transformer.     A   short-circuit   in   a   transformer   without    fuses 
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would  mean  a  bad  burnout  and  a  great  possibility  of  hot  metal 
setting  fire  to  the  building  or  surrounding  insulation. 

A.  M.  Cover. 

Yes.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

We  feel  safer  in  doing  it  and  sometimes  have  occasion  to 
replace  fuses  on  account  of  lightning. 

Augusta  Ry.  and  Elec.  Co. 

M  8.  Is  it  safe  to  operate  a  skeleton  wooden  board  with  a 
potential  of  2000  volts,  having  the  wires  well  insulated  and 
nsing  oil  switches? 

Yes.  J.  F.  DosTAL. 

Wooden  skeleton  switchboards  operating  at  2000  volts  where 
the  wire  is  insulated  for  this  pressure  and  where  the  switches  are 
enclosed,  should  meet  all  the  necessary  safety  requirements,  pro- 
vided the  wiring  be  suitably  mounted  on  porcelain;  marble  or 
slate  panels,  however,  would  be  preferable.  E.  W.  Gough. 

Yes.  W.  H.  Greenslit. 

Yes,  for  temporary  service;  but  for  permanent  installation, 
no.  G.  Wilbur  Hubley. 

ft 

It  would  be  safe  to  a  certain  extent,  so  long  as  there  was 
no  arc  formed  to  cause  a  fire,  but  a  slate  or  marble  board  is  much 
more  practical  and  safe.  F.  C.  S.,  Malden  Elec.  Co. 

Have  operated  a  skeleton  wooden  board  for  five  years  on  a 
potential  of  2200  volts  without  the  least  trouble. 

E.  W.  Crocker. 

Yes.  Fred  B.  Sharpe. 

Yes.  G.  H.  Cushman. 

Perfectly  safe.  A.  R.  MacKinnon. 

Well-designed  wood  switchboards  are  safe  if  properly  treated 
with  paraffin.  The  Colorado  Springs  Elec  Co. 
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It  is  safe  to  operate  a  skeleton  wooden  board  on  2000  volts 
with  oil  switches,  but  would  hardly  be  approved  by  underwriters. 

C.  W.  HiGGINS. 

Yes.  We  have  a  2000-volt  skeleton-board  in  use,  but  do  not 
recommend  the  use  of  skeleton-boards. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

Yes.  There  are  many  such  installations  in  use  operating  in 
a  p>erfectly  satisfactory  manner;  in  fact,  if  suitably  wired  with 
wire  having  slow-burning  insulation  and  the  wood  treated  with 
fire-proofing  material,  there  is  no  reason  for  not  considering  such 
an  installation  a  perfectly  safe  one. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 

A  properly  designed  skeleton  wood  board,  with  ample  space 
for  switches  and  wires,  should  be  quite  safe. 

Augusta  Ry.  and  Elec.  Co. 

It  is  not  safe  to  have  any  wood  about  a  switchboard. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

M  9.  Is  there  any  satisfactory  and  economical  method  of 
feeder  regulation  for  direct  current? 

The  accompanying  sketch  shows  a  method  of  direct-current 
feeder  regulation  by  means  of  a  motor-driven  booster. 

BB 


■M> 
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The  field  coils  and  the  armature  of  the  booster  are  connected 
in  series  with  the  feeder,  which  makes  the  regulation  almost 
automatic,  as  the  volts  generated  and  the  volts  lost  in  the  feeder 
vary  with  the  current  in  the  feeder.  Wm.  McDonald. 

Yes.  Geo.  W.  Richardson. 

M  10.  How  do  you  obtain  satisfactory  regulation  on  alter- 
nating-current 60-cycle  distribntion  system?  Bo  you  nse  hand 
or  automatic  regulators? 

Hand  regulators;  using  adjustable  resistance  shunted  around 
generator  compounding.  W.  H.  Greenslit. 

Have  used  General  Electric  M.  R.  regulators  and  found  them 
most  satisfactory.  A.  Peters. 

Hand  primary  regulators  are  most  reliable  and  satisfactory. 

G.  Wilbur  Hubley. 

Hand  regulation.  F.  C.  S.,  Malden  Elec.  Co. 

Automatic  regulators  are  the  best.  G.  B.  Leland. 

The  most  satisfactory  regulation  is  obtained  by  automatic 
legulators.  C.  W.  Koiner. 

Hand  regulators  with  lighting  service  predominating. 

W.  H.  C. 

Hand  reg^ilation  in  each  feeder  and  governed  by  compen- 
sating voltmeters.  A.  E.  Walden. 

Hand-operated  regulators  are  used,  resulting  in  regulation 
within  two  per  cent  of  normal.  Automatic  regulators  are  not 
sufficiently  reliable  to  be  satisfactory  as  yet. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 
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Use  a  hand-operated  regulator  on  each  single-phase  lighting 
primary.  The  Seattle  Elec.  Co. 


We  have  found  the  use  of  the  Tirrell  voltage  regulator 
very  satisfactory.  It  has  reduced  the  cost  of  lamp  renewals  to 
us,  and  is  vastly  superior  to  hand  regulation. 

E.  F.  McCabe. 


It  this  question  refers  to  holding  constant  the  voltage  on  a 
-io-cycle  generator  we  unhesitatingly  say — install  a  Tirrill  regu- 
lator. This  apparatus  regulates  by  short-circuiting  the  resistance 
in  the  field  of  the  exciter  and  cutting  it  all  out,  or  cuitting  in 
enough  to  reduce  exciter  voltage  to  about  45  volts.  We  have  had 
one  installed  on  one  leg  of  our  three-phase  generators  for  over 
twenty  months,  and  it  has  held  voltage  on  that  leg  absolutely 
steady  as  load  has  come  on  and  oflF;  even  the  sudden  variations 
of  load  due  to  the  street  cars  do  not  affect  our  voltage  perceptibly 
unless  for  some  reason  the  regulation  of  our  engine  is  extremely 
poor.  Whenever  we  have  had  trouble  with  our  lights  it  has  always 
been  due  to  the  governor  needing  attention.  Our  experience  is 
that  it  is  a  wonderfully  reliable  and  quick-acting  instrument.  Our 
engineer  never  toiirhes  the  rheostat.        W.  H.  Thomson,  Jr. 


Hand  regulators.  Fred  B.  Sharpe. 

We  have  recently  installed  an  automatic  reg^ilator  at  our 
power-house,  which  has  proven  very  satisfactory.  The  throwing 
on  or  off  of  motors  does  not  affect  the  lights  enough  to  be  noticed^ 
voltage  not  varying  over  two  volts  at  the  power-house. 

H.  N.  Crandall. 


Hand  regulators.  G.  H.  Cushman. 

Hand-operated  induction  regulators.-         Harry  M.  Hope. 

V.  2—13 
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We  use  hand  regulation. 

The  Colorado  Springs  Elec.  Co. 


We  use  a  compensated  machine,  which  is  very  satisfactory, 
with  a  very  little  hand  regulation.  L.  E.  Watson. 

Satisfactory  regulation  is  obtained  by  the  use  of  pressure 
regulators.  We  have  three-phase  current  from  machine  to 
switchboard,  and  distribution  from  board  is  single-phase.  A 
regulator  is  placed  in  each  circuit,  the  primaries  of  which  are 
connected  across  the  *bus-bars  and  the  secondaries  in  series  with 
the  feeders.  By  partially  cutting  the  winding  in  or  out  on  the 
secondary  of  the  regulators,  the  voltage  is  readily  adjusted.  They 
are  hand-controlled.  Sam'l  Kahn. 

Have  load  well  balanced,  and  use  pressure,  wire  from  centre 
of  distribution,  three-wire  secondary,  of  heaviest  district.  Hand 
regulation.  Where  this  will  not  give  satisfactory  results,  install 
boosters  in  long-circuits,  or  use  hand  regulators  in  each  circuit  if 
necessary.  C.  W.  Higgins. 

One  of  the  large  manufacturers  of  electrical  apparatus  has 
on  the  market  a  well-nigh  perfect  automatic  regulator  for  60- 
cycle  systems.  Geo.  B.  Lauder. 

We  obtained  fairly  satisfactory  regulation  on  alternating- 
current,  6o-cycle  distribution  system  by  means  of  hand  regulation. 

United  Elec.  Lt.  Co. 

Satisfactory  regulation  can  be  obtained  by  hand  regulators 
if  the  attendant  knows  the  characteristics  of  his  load  and  watches 
the  load  carefullv.  H.  S.  Russell. 

Satisfactory  regulation  can  be  obtained  with  hand  regulators 
on  a  lighting  load  if  the  attendant  watches  the  load  carefully. 

J.  F.  Dostal. 

M  11.  Is  the  feeder-pressure  regulator  a  desirable  auxiliary 
for  the  small  central  station? 
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No;  not  so  much  so  as  a  voltmeter  compensator. 

W.  H.  Greenslit. 

A  feeder-pressure  regulator  is  not  only  a  desirable  auxiliary, 
but  it  is  an  absolute  necessity  under  certain  conditions  and  is  the 
best  thing  for  the  purpose  of  regulating  the  pressure  for  long 
feeders.  C.  W.  Koiner. 

Yes.  J.  F.  DosTAL. 

Yes.  F.  C.  S.,  Malden  Elec.  Co. 

Yes.  A.  E.  Walden. 

Yes,  if  more  than  one  centre  of  distribution  is  required. 

W.  H.  C. 

Yes.  Geo.  W.  Richardson. 

Yes ;  for  alternating-current  stations.        Harry  M.  Hope. 
Yes.  G.  H.  CusHMAN. 

The  feeder-pressure  regulator  is  certainly  desirable,  even 
for  small  stations,  and  especially  so,  if  the  company  furnishes  free 
lamp  renewals.  Chas.  H.  Peters. 

Yes.    Good  regulation  is  always  very  desirable. 

F.  Ellwood  Smith. 

They  are  indispensable  if  good  lighting  service  is  to  be 
maintained. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 

M  12.  What  is  the  advantage  of  taking  hourly  readings 
on  all  feeder  circuits?  Does  their  value  justify  the  use  of  an 
extra  man  or  helper  for  this  purpose? 

(a)  If  alternating-current  it  may  help  to  determine  power 
factor  on  circuits  by  checking  ammeter  readings  against  watt- 
meter readings  from  time  to  time. 

(b)  No.  W.  H.  Greenslit. 
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This  is  good  information  to  have  at  times  for  future  refer^ 
ence,  but  does  not  justify  the  use  of  an  extra  man  for  this  purpose. 

F.  C.  S.,  Malden  Elec.  Co. 

The  taking  of  hourly  readings  on  feeder  circuits  is  not  of 
much  value  for  ordinary  plants.  A  plant  of  ordinary  size  (such 
as  may  be  found  in  cities  of  from  15,000  to  50,000  inhabitants) 
should  have  integrating  wattmeters  on  each  feeder  or  group  of 
feeders,  which  should  be  read  daily  and  the  readings  preserved. 
The  monthly  records  of  these  meters  afford  a  check  against  undue 
losses  and  theft  of  current  between  the  switchboard  and  the 
customer.  For  the  purpose  of  determining  the  form  of  the  load 
curve,  as  an  indication  of  the  way  in  which  the  business  is  devel- 
oping, it  is  worth  while  making  readings  of  instruments  every 
fifteen  minutes,  once  or  twice  a  month  during  the  year,  but  an 
inspector  can  take  care  of  this.  Dugald  C.  Jackson. 

Yes,  except  in  very  small  plants. 

The  Colorado  Springs  Elec.  Co. 

These  readings  are  valuable,  but  not  at  the  price  of  an 
extra  man  to  obtain  them. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Hourly  readings  of  all  feeders  provide  record  of  each  day's 
operation  and  require  that  the  attendant  watch  his  board.  If 
the  plant  is  large  enough  an  extra  man  would  be  justified  for 
this  purpose,  but  the  man  in  authority  at  the  board  should  take 
the  readings.  Augusta  Ry.  and  Elec.  Co. 

There  are  many  reasons  why  hourly,  or  half-hourly,  read-^ 
ings  should  be  taken  on  all  feeder  circuits.  Some  of  the 
reasons  are: 

(a)  The  maximum  reading  keeps  you  posted  as  to  whether 
or  not  your  copper  is  large  enough  for  the  load  it  carries,  and 
whether  or  not  some  of  the  load  could  not  be  advan^ 
tageously  placed  on  another  circuit  having  the  same  size  copper. 

(b)  The  minimum  reading  gives  you  a  line  on  your  losses: 
in  circuits,  transformers,  and  meters.  E.  F.  McCabe. 
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Hourly  readings  are  not  necessary  in  all  cases,  but  are  valua- 
ble and  in  large  plants  necessary  in  showing  the  increase  from 
year  to  year,  and  thus  important  in  making  estimates  of  future 
needs.  It  would  hardly  be  wise  to  employ  an  extra  man  for  this 
alone,  but  the  records  should  be  kept  in  some  way,  for  the  winter 
months  at  least.  C.  W.  Higgins. 


One  advantage  is  that  such  readings  add  to  the  completeness 
of  station  records,  and  some  time  or  other  may  be  of  incalculable 
value.  Another  advantage  is  that  it  insures  more  complete 
patrol  and  inspection  by  the  attendants,  as  they  must  visit  the 
feeder  panels  at  least  once  an  hour.  It  would  seem  that  such 
hourly  readings  would  hardly  require  an  extra  man,  although 
circumstances  alter  cases.  My  judgment  is  that  such  readings 
are  liable  to  be  of  great  value  as  matters  of  record. 

Geo.  B.  Lauder. 


The  data  obtained  by  readings  on  all  circuits  at  intervals 
— say  ten-minute  intervals — are  most  valuable  for  plotting  of 
load  curves  and  subsequently  noting  load  conditions  of  individual 
circuits.  Such  records  have  also  good  moral  effect  on  attendants 
and  result  in  better  regulation  and  more  careful  attention  to 
operation.  The  work  required  can  be  done  by  switchboard 
attendant  without  extra  help,  and  is  of  material  advantage  in 
many  wars.  G.  Wilbur  Hubley. 

M  13.  How  often  is  it  advisable  to  test  switchboard  instm- 
ments? 

About  once  every  twelve  months.  A.  Peters. 

Once  every  four  months.  F.  C.  S.,  Malden  Elec.  Co. 

Six  to  twelve  months.  C.  W.  Koiner. 

We  find  that  twice  a  year  is  often  enough  unless  they  have 
been  subject  to  short-circuit  or  heavy  overload. 

Harry  M.  Hope. 
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Once  in  six  months  or  a  year — depending  on  instruments 
and  use,  also  amount  of  vibration  to  which  they  are  subject. 

C.    W.    HiGGINS. 


At  least  twice  a  year.  David  W.  Beaman. 

Switchboard  instrimients  should  be  checked  at  least  twice 
annually,  probably  spring  and  fall.  G.  Wilbur  Hubley. 

This  depends  on  the  class  of  instrument  and  the  importance 
of  its  indications.  Direct-current,  integrating  watt-hour  meters, 
having  a  silver  commutator^  are  the  most  subject  to  change. 
We  find  it  pays  to  check  the  500- volt  wattmeters  weekly,  using  the 
regular  switchboard  ammeter  and  voltmeter  as  standards.  Direct- 
current  lighting  regelating  voltmeters  should  also  be  checked 
weekly  because  of  the  far-reaching  effects  of  an  error  in  them. 
Ammeters  are  the  least  liable  to  change.  It  is  sufficient  to  note 
monthly  whether  zero  has  shifted  due  to  accumulation  of  dust 
on  moving  parts  or  weakening  of  spring.  A  shunt-drop  check 
should  be  made  once  in  three  or  four  months  to  detect  broken 
strands  in  shunt  leads,  et  ccetera. 

Alternating-current  instruments  in  general  are  less  liable  to 
changes  than  direct-current.  We  have  found  the  horizontal  edge- 
wise type  very  satisfactory  in  this  respect;  even  short-circuits  on 
feeders  do  not  throw  them  out  of  calibration.  For  the  first  few 
months  after  being  put  in  use  the  pointer  will  gradually  settle 
back  of  the  zero,  but  this  is  easily  adjusted  and  will  require  very 
little  attention  thereafter.  Integrating  wattmeters  are  very  con- 
stant under  normal  conditions.  If  after  lightning  or  a  very  heavy 
short  an  error  is  noticed,  the  ratio  of  transformation  of  current 
transformer  should  be  checked,  as  well  as  meter  itself. 

G.  R.  Radley. 

Every  year.  Fred  B.  Sharpe. 

No  general  rule  can  be  laid  down.  Whenever  the  instrument 
itself  or  any  of  its  connections  or  any  nearby  conductors  carrying 
heavy  currents  are  changed,  the  instrument  should  be  rechecked. 
In  any  case,  it  is  inadvisable  to  allow  too  long  a  time  to  elapse 
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between  tests  of  instruments,  particularly  those  on  the  accuracy 
of  which  the  proper  operation  of  the  station  depends. 

Electrical  Testing  Laboratories. 

Every  thirty  days.  This  depends  on  the  make  of  the  instru- 
ment. United  Elec.  Lt.  Co. 

At  least  once  a  year.  E.  F.  McCabe. 

At  least  once  a  year.  Augusta  Ry.  and  Elec.  Co. 

The  instruments  on  which  the  station  economies  are  based 
should  be  tested  once  a  month.  All  other  instruments  should  be 
checked  at  least  twice  a  year.  Recording  wattmeters  running 
on  sapphire  jewels  should  be  inspected  and  checked  at  the  expira- 
tion of  every  500,000  revolutions.  C.  R.  Brown. 

M  14.  What  is  the  most  accurate  way  to  check  up  alter- 
nating-current switchboard  instruments  when  they  are  used  in 
connection  with  current  and  potential  transformers? 

Switchboard  instruments  are  more  easily  and  accurately 
checked  up  by  removing  them  from  the  board  and  checking  them 
against  instruments  of  known  accuracy;  where  considerable 
refinement  is  required  they  should  be  checked  against  standards 
on  alternating  currents,  but  the  standards  themselves  should  be 
accurate  either  on  direct  or  alternating  current  so  that  they  (the 
standards)  may  be  checked  up  on  direct  current  against  absolute 
standards  of  current  and  e.  m.  f. 

For  example,  an  alternating-current  voltmeter  of  any  type 
could  be  checked  against  a  Weston  voltmeter  of  moving-coil  type, 
which  is  accurate  on  either  direct  or  alternating  currents,  and 
this  standard  Weston  voltmeter  could  be  maintained  accurate 
against  absolute  standards.  The  ratio  of  current  and  potential 
transformers,  however,  should  be  known  under  their  working 
conditions.  The  current  transformer  may  or  may  not  have  an 
exact  ratio,  depending  upon  the  characteristics  of  the  winding 
of  the  ampere-meter  that  is  connected  with  it,  and  its  ratio  in 
connection  with  this  ampere-meter  should  be  determined. 

E.  W.  Gough. 
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We  use  a  o-ioampere  Thomson  portable  inclined-coil 
ammeter  with  small  portable  water  rheostat  and  lamp  bank.  As 
all  pressure  and  current  wires  run  to  terminal  boards  located 
back  of  instrument  panels,  the  test  instrument  is  connected  to 
instruments  to  be  checked  without  disturbing  instrument  wires. 
Instruments  are  checked  over  entire  scale  by  varying  the  load  on 
them  with  rheostat  and  lamp  bank. 

For  testing  station  voltmeters  a  Weston  portable  voltmeter 
is  used.  Harry  M.  Hope. 

Means  should  be  provided  for  the  insertion  of  temporary 
standardized  instruments  and  transformers  in  series  with  each 
group  of  switchboard  instruments.  This  not  only  provides 
means  for  checking  the  permanent  instruments  and  transformers, 
but  also  the  connections,  which  are  liable  to  be  erroneous  or 
to  have  become  unintentionally  deranged.  C.  R.  Brown. 

The  following  method  we  find  to  be  a  rapid  and  sufficiently 
accurate  method  of  checking  our  switchboard  instruments.  We 
short-circuit  the  secondary  coil  of  our  current  transformer  and 
then  cut  a  standard  ammeter  and  indicating  wattmeter  in  series 
with  the  switchboard  ammeter  and  indicating  wattmeter,  tapping 
the  potential  circuits  of  the  wattmeters  across  the  same  points 
and  arranging  the  connection  so  that  no  instrument  indicates  the 
losses  in  any  other;  then  by  means  of  a  variable  non-inductive 
resistance  (vis. :  a  lamp  bank)  we  vary  the  current  flowing 
through  the  current  coils  of  the  instruments  and  compare  the 
readings;  if  they  check  up,  this  completes  the  test;  if  not,  the 
instruments  ar«  removed  from  the  board  and  adjusted  in  the 
meter  department. 

By  a  slight  modification  this  test  can  be  arranged  to  check 
up  the  ratios  of  the  current  and  potential  transformers  if  desired. 

S.  R.  Inch. 

Removal  and  testing  in  laboratory. 

Augusta  Ry.  and  Elec.  Co. 

Alternating-current  switchboard  instruments  used  in  con- 
nection with  transformers  can  best  be  checked  by  testing  them 
in  connection  with  their  transformers.    This  is  not  alv.  avs  feasible, 
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since  instruments  using  transformers  are  generally  connected  to 
high-tension  conductors.  For  example,  a  wattmeter  on  a  high- 
tension  circuit  can  be  checked  by  putting  a  standard  wattmeter 
into  the  circuit  with  its  voltage  coil  directly  on  the  high-tension 
side  of  the  potential  transformer  and  a  large  amount  of  non- 
inductive  resistance  in  series  with  it.  It  is  much  simpler  to  con- 
nect the  series  coils  on  the  secondary  of  the  current  transformer 
for  making  a  check  of  the  instrument  in  position.  The  ratio  of 
transformation  of  the  current  transformer  must,  in  this  case,  be 
determined  by  a  separate  experiment  in  the  laboratory  after  dis- 
connecting the  transformer  from  the  high-tension  circuit.  It  is 
perfectly  feasible  to  determine,  also,  the  ratio  of  transformation 
of  the  potential  transformer  in  the  laboratory.  If  this  is  done, 
the  indicating  instrument  alone  may  be  given  a  separate  laboratory 
check.  To  determine  the  ratio  of  transformation  of  the  current 
transformer,  an  accurate  alternating-current  ammeter,  such  as, 
for  example,  a  Kelvin  balance,  can  be  used  to  measure  the  current 
on  the  primary  side,  while  another  ammeter  measures  the  current 
on  the  secondary  side.  The  way  in  which  a  check  of  this  kind 
is  made  will  depend  largely  upon  local  conditions,  so  that  no 
general  rule  can  be  followed.  Obviously,  it  is  necessary  in 
making  checks  on  the  instruments  on  the  high-tension  circuits  to 
insulate  thoroughly  all   instruments   and  multipliers   employed. 

Electrical  Testing  Laboratories. 

With  voltmeter  and  dynamometers  on  primary. 

G.  Wilbur  Hubley. 

This  question  presumably  refers  to  alternating-current 
switchboard-type  ammeters,  voltmeters  and  wattmeters,  as  these 
are  practically  the  only  instruments  used  in  connection  with  cur- 
rent and  potential  transformers. 

In  the  case  of  ammeters  it  can  be  assumed  that  the  exact 
ratio  of  the  series  transformer  is  known,  as  this  is  usually  stated 
by  the  maker  of  the  instrument,  and  assuming  this  ratio  correct, 
it  is  satisfactory  to  check  the  ammeter  without  the  series  trans- 
former on  a  range  of  current  in  the  same  proportion  to  the  actual 
current  measured  when  instrument  is  in  use,  as  the  ratio  of  the 
transformer.  Thus,  if  the  ammeter  vHth  transformer  is  of  100 
amperes  capacity,  the  transformer  would  usually  have  a  ratio  of 


202      M— SWITCHBOARDS,  INSTRUMENTS,  ETC.    M  15 

« 

20  to  I.  The  ammeter  would  therefore  be  of  five  amperes  capa- 
city and  should  be  checked  against  any  standard  primary  ammeter 
and  should  read  exactly  five  amperes  with  five  amperes  on  the 
standard  instrument. 

Any  of  the  methods  of  checking  ammeters  as  given  in  the 
answers  to  question  M  15,  is  suitable  for  this  purpose. 

In  the  same  way  in  checking  a  voltmeter,  used  with  potential 
transformer,  the  ratio  of  the  transformer  is  usually  known,  and 
this  being  the  case  the  voltmeter  can  be  checked  on  any  secondary 
circuit  of  the  same  voltage  as  that  for  which  the  secondary  of  the 
transformer  is  adapted.  This  is  an  entirely  satisfactory  method 
and  there  are  a  number  of  ways  of  checking  the  voltmeter  for 
the  ordinary  pressure  for  which  the  secondary  of  the  potential 
transformer  is  made,  50  or  100  volts. 

In  checking  integrating  wattmeters  or  indicating  wattmeter.s 
used  with  current  or  potential  transformers,  or  both,  a  combina- 
tion of  the  above  method  applies,  and  in  case  a  wattmeter  is  being 
checked  which  is  used  in  connection  with  the  two  transformers, 
it  can  be  suitably  checked  on  a  circuit  of  the  pressure  and  current 
capacity,  as  described  for  checking  ammeter  and  voltmeter. 

R.  C.  Laxphier. 

M  15.  Which  is  the  best  transformer  instmment  for  use 
in  standardizing  alternating-cnrrent  ammeters — a  Kelvin  balance, 
a  current  dynamometer  or  a  hot-wire  ammeter? 

A  good  current  dynamometer  whose  accuracy  is  known,  and 
whose  accuracy  can  be  checked  up  from  time  to  time,  will  be 
amply  sufficient  to  check  up  ampere-meters  on  alternating 
currents.  E.  W.  Gougii. 

The  Kelvin  balance,  while  it  has  certain  disadvantages  that 
are  inherent  in  it,  is  undoubtedly  the  most  reliable  instrument 
for  use  in  standardizing  alternating-current  ammeters.  Some  of 
the  largest  sizes  of  Kelvin  balances  are,  however,  affected  by  an 
eddy-current  error  which  varies  with  the  frequency.  Such  instru- 
ments should  be  avoided  unless  the  necessary  corrections  are 
known.  The  current  electrodynamometer,  if  properly  constructed, 
is  also  a  reliable  transfer  instrument.  A  hot-wire  ammeter  can  be 
used  only  by  taking  great  precautions  to  get  the  alternating  and 
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direct-current  conditions  exactly  alike  and  to  make  the  alternating 
current  check  at  once,  after  the  direct-current  standardization  has 
been  made.  Electrical  Testing  Laboratories. 


Kelvin  balance.  G.  Wilbur  Hubley. 


The  standardization  of  alternating-current  ammeters  is  a 
trifle  more  difficult  matter  than  standardizing  direct-current 
ammeters,  and  of  the  method  suggested  in  the  question  a  current 
dynamometer  or  hot-wire  ammeter  is  probably  to  be  preferred 
to  the  Kelvin  balance  for  the  average  central-station  work.  A 
Kelvin  balance,  to  get  best  results,  requires  considerable  experi- 
ence and  skill  on  the  part  of  the  operator,  and  is  really  a  labora- 
tory instrument  of  the  first  class.  A  current  dynamometer  is  by 
all  odds  the  most  perfect  apparatus  known  for  measuring  alter- 
nating current  if  the  instrument  is  kept  in  proper  condition  and 
used  with  a  correct  calibration  curve.  Some  dynamometers  are 
calibrated  on  the  dial  to  read  in  amperes,  but  the  finer  ones  of 
these  instruments  usually  have  to  be  used  with  a  curve. 

A  hot-wire  ammeter  is  equally  satisfactory,  provided  it  has 
been  carefully  standardized  by  some  reliable  laboratory,  and  if  it 
is  not  used  too  much  for  ordinary  work.  The  advantage  of  the 
hot-wire  ammeter  is  that  it  can  be  used  with  shunts  for  different 
ranges  in  amperes,  whereas  the  dynamometer  can  not  be,  and 
for  different  ranges  it  is  necessary  to  have  either  several  dyna- 
mometers or  different  sets  of  coils  in  the  same  instrument.  The 
preference  of  the  writer — personally — for  a  transfer  instrument 
in  standardizing  alternating-current  ammeters — is  a  hot-wire 
ammeter,  with  proviso  mentioned,  that  it  shall  be  kept  in  good 
condition,  and  occasionally  standardized  carefully  by  one  of  the 
recognized  laboratories.  R.  C.  Lanphier. 


For  all-around  work  when  a  number  of  read'ngs  have  to 
be  made  in  a  minimum  time  and  with  an  unsteady  load,  the 
current  dynamometer  is  the  most  satisfactory.  But  if  time  is  no 
object  all  three  instruments  give  equally  good  results. 

C.  R.  Brown. 
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M  16.  What  is  the  best  instmment  and  method  to  use  in 
standardizing  altemating-cnrrent  Yoltmeters? 

Hot-wire  instruments.  W.  H.  Greenslit. 

A  Weston  voltmeter  of  moving-coil  type,  accurate  on  either 
direct  or  alternating  currents.  E.  W.  Gough. 

Weston  alternating  voltmeter. 

Augusta  Ry.  and  Elec.  Co. 

An  alternating-current  voltmeter  can  probably  best  be 
standardized  by  comparison  with  a  standard  direct-current  volt- 
meter or  potentiometer,  taking  both  direct  and  reversed  readings. 
This  method  assumes  that  the  voltmeter  is  free  from  error  due 
to  inductance,  hysteresis,  et  ccetera.  An  excellent  way  to  stand- 
ardize an  alternating-current  voltmeter  with  high  accuracy  is  to 
use  an  electrostatic  voltmeter  of  suitable  range,  as  a  transfer 
instrument.  The  electrostatic  is  calibrated  on  direct  current  by 
direct  and  reversed  readings,  and  is  thrown  over  to  alternating 
current  by  means  of  a  quick  throw  switch,  so  that  its  needle  is 
not  allowed  to  return  to  zero.  This  method  of  transfer  is  capable 
of  great  refinement  if  the  alternating-current  pressure  is  very 
steady.  The  instrument  may  then  be  read  by  means  of  a  telescope 
and  scale.  This  method  is  in  daily  use  in  the  Electrical  Testing 
Laboratories  for  the  accurate  determination  of  alternating-current 
pressures.  Electrical  Testing  Laboratories. 

In  standardizing  alternating-current  voltmeters  for  general 
purposes,  the  writer  has  found  the  most  satisfactory  method  to 
be  the  use  of  dynamometer-type  Weston  voltmeter,  which  is  kept 
for  this  purpose  and  which  was  first  carefully  standardized  at  the 
National  Bureau  in  Washington,  and  at  the  Electrical  Testing 
Laboratories  in  New  York,  a  curve  being  made,  giving  the  com- 
parative readings  on  alternating  and  direct  current  at  several 
points. 

These  Weston  instruments  have  very  little  inductive  error 
on  alternating  current  for  different  frequencies,  and  there  likewise 
is  very  little  error  in  the  readings  between  alternating  and  direct 
current,  with  the  understanding  of  course  that  reversal  readings 
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shall  be  taken  in  each  case,  on  direct  current.  The  Weston  instru- 
ment in  practice  is  carefully  checked  from  time  to  time  against  a 
standard  potentiometer,  and  as  the  scale  correction  between  direct 
and  alternating  current  has  been  carefully  determined  once  for 
all,  it  is  then  very  easy  to  check  any  alternating  voltmeters  against 
the  Weston  standard  by  simply  taking  comparative  readings. 
Of  course,  if  a  station  is  justified  in  having  one,  an  electrostatic 
voltmeter  is  absolutely  the  best  transfer  instrument  for  direct 
current  and  alternating  current,  but  this  class  of  instruments  is 
expensive  and  entirely  unnecessary  for  most  work,  as  good  results 
to  an  accuracy  of  one-fourth  of  one  per  cent  can  be  obtained  by 
the  method  given  above. 

We  may  add  that  in  checking  the  voltmeter  against  the 
potentiometer  a  set  of  storage  cells  is  used  so  as  to  get  very  steady 
pressure  for  this  checking.  R.  C.  Lanphier. 

f 

Standard  Weston  voltmeter.  G.  Wilbur  Hubley. 

M  17.  What  is  the  best  method  for  determining  the  work 
constant  of  a  watt  dynamometer? 

If  the  electrodynamometer  is  properly  constructed,  so  that 
it  is  free  from  error  due  to  inductance,  capacity  and  eddy  currents, 
its  constant  can  be  determined  by  direct-current  standardization. 
If  the  electrodynamometer  does  not  fulfill  these  conditions,  its 
constant  can  be  determined  by  comparing  it  on  alternating  current 
of  the  required  frequency  with  a  standard  wattmeter  that  does 
fulfill  the  above  conditions. 

Electrical  Testing  Laboratories. 

Calibrate  as  a  direct-current  meter  in  the  following  manner : 
level  up  instrument  on  a  stand  that  can  be  swung  through  an 
angle  of  180  degrees;  apply  direct-current  pressure  to  the  press- 
uie  coil  of  dynamometer  with  no  current  flowing  through  the 
current  coil.  If  meter  is  affected  by  stray  fields  dynamometer 
will  swing;  rotate  dynamometer  on  stand  until  no  deflection  is 
obtained.  Meter  is  then  in  position  where  it  is  not  affected  by 
external  fields  and  can  be  accurately  calibrated  by  using  direct- 
current  voltmeter  and  ammeter.  G.  N.  Eastman. 
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M  18.  Which  will  mean  more  to  the  station  attendant — 
an  ammeter  upon  the  generator  panel  on  the  3-phaie  feeder 
panel  or  an  indicating  wattmeter? 

On  a  non-inductive  load,  an  ammeter;  on  an  inductive  load, 
an  indicating  power-factor  meter  additional. 

Geo.  W.  Richardson. 

Ammeters  would  be  most  necessary,  showing  the  current 
limit,  likewise  the  heating  limit,  of  the  generator  to  the  attendant. 

A.  E.  Walden. 

Ammeter.  F.  C.  S.,  Malden  Elec.  Co. 

Generator  panel  should  have  both;  ammeter  for  balancing 
and  indicating  wattmeter  for  total  readings. 

H.  M.  Beugler. 

An  ammeter  on  each  leg  of  a  three-phase  feeder  panel  will 
mean  more  to  a  station  attendant  than  will  an  indicating  watt- 
meter. H.  N.  Crandall. 

The  indicating  wattmeter  would  be  of  more  value  to  the 
attendant  than  would  an  ammeter.  A.  R.  MacKinnon. 

Ampere-meters  measuring  the  actual  current  load  upon  a 
generator  are  of  more  importance  than  an  indicating  wattmeter, 
in  that  it  shows  to  the  attendant  the  amount  of  current  flowing, 
and,  consequently,  the  amount  of  heating  which  the  machine  may 
be  expected  to  be  undergoing;  whereas  the  wattmeter,  while  it 
will  show  him  the  output  of  the  machine,  will  not  give  him,  unless 
other  instruments  are  consulted,  the  actual  current  flowing,  pro- 
vided the  power  factor  of  the  circuit  is  less  than  lOO  per  cent. 
By  the  use  of  a  wattmeter  and  voltmeter  and  no  other  instruments, 
he  is  unable  to  tell  how  heavily  his  machine  is  loaded. 

E.  W.  GOUGH. 

Indicating  wattmeters  on  generator  and  totaling  panels, 
ammeters  on  feeder  panels.  Harry  M.  Hope. 
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Where  three-phase  generators  are  run  in  parallel,  indicating 
three-phase  wattmeters  ought  to  be  mounted  on  each  generator 
panel.  Ampere-meters  alone  do  not  enable  the  attendant  to  tell 
whether  or  not  the  machines  are  suitably  dividing  the  external 
load  and  are  not  burdening  each  other  with  excessive  cross-cur- 
rents. It  is  also  desirable  to  have  an  ampere-meter  or  ampere- 
meters on  the  generator  panels  for  the  purpose  of  determining 
whether  or  not  the  generators  are  working  harmoniously  together. 
It  is  desirable  to  have  ampere-meters  and  integrating  wattmeters 
on  the  feeder  panels.  In  connection  with  this  see  the  answer  to 
question  M  12.  Dugald  C.  Jackson. 

Use  both.  G.  H.  Cushman. 


Indicating  wattmeter.  J.  F.  Dostal. 

The  indicating  wattmeter  means  more  to  the  station  attendant 
than  does  the  ammeter,  for  he  can  read  the  load  at  a  glance. 
The  ammeters  across  the  phases  are  of  greater  benefit  to  the 
superintendent  or  engineer  in  charge  in  determining  how  well 
the  loads  on  the  different  phases  are  balanced.        Sam^l  Kahn. 

An  ammeter  should  indicate  more  in  either  case  to  the 
attendant,  as  amperes  per  phase  is  easier  to  remember  than  watts 
per  phase ;  though  in  case  of  a  wattmeter  its  speed  will  indicate 
a  good  field  adjustment.  C.  W.  Higgins. 

« 

An  ammeter  is  essential  on  a  generator  or  underground 
feeder,  in  order  that  the  attendant  may  limit  the  current  to  the 
safe  carrying  capacity  of  the  armature  or  underground  cables. 
If  the  load  is  not  strictly  incandescent  lighting,  a  wattmeter  is 
necessary  if  it  is  important  to  know  the  actual  useful  load  being 
carried.  The  Seattle  Elec.  Co. 

The  ammeter  will  generally  be  the  more  useful  if  the  load 
is  nearly  balanced.  M.  P.  R.,  N.  Y.  Ed.  Co. 

Indicating   wattmeters.  F.   Ellwood   Smith. 
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The  indicating  wattmeter  on  a  standard  system  furnishes 
the  station  attendant  with  the  most  rehable  information,  as  it 
reduces  largely  the  amount  of  figuring  necessary  to  obtain  actual 
loads. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 


Since  it  is  amperes  that  cause  most  of  the  heating  in  an 
armature  and  are  more  of  an  indication  of  the  danger  point  than 
are  kilowatts,  on  account  of  varying  power  factors,  an  ammeter 
would  seem  preferable ;  although  for  records,  the  kilowatt-output 
is  frequently  more  valuable.  On  one  of  our  feeders  we  have  1 10 
amperes  with  about  250  kilowatts,  and  later,  on  the  same  panel, 
we  have  70  amperes  with  nearly  350  kilowatts,  the  power  factor 
varying  from  75  per  cent  to  nearly  100  per  cent.  We  have  both 
ammeters  and  indicating  wattmeters  on  our  feeder  panels,  and 
ammeters  only  on  our  generator  panels.  Geo.  B.  Lauder. 

An  indicating  wattmeter.  H.  S.  Russell. 

An  ammeter.  The  ordinary  station  attendant  knows  a  great 
deal  more  about  amperes  than  he  does  about  watts,  unless  he  has 
been  very  especially  trained  to  wattmeters.       C.  F.  Haywood. 

Ammeter.  G.  Wilbur  Hubley. 

M  19.  Are  separate  current  transformers  necessary  for  the 
anuneter  and  for  the  time-limit  relay  on  alternating-current 
feeders,  or  can  both  instruments  be  operated  satisfactorily  from 
one  transformer? 

The  writer  has  charge  of  a  plant  in  which  a  polyphase 
recording  wattmeter,  three  ammeters,  and  an  overload  relay,  all 
receive  current  from  one  set  of  two  current  transformers  con- 
nected to  produce  a  resultant  delta  and  operate  with  entire  satis- 
faction. L.  O.  Veser. 

Both  can  be  operated  from  one  transformer. 

Harry  M.  Hope. 
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If  the  proper  constants  are  chosen  for  current  transfoniiers, 
ammeters  and  time-limit  relays,  but  one  current  transformer  is 
necessary  to  operate  an  ammeter  and  a  time-limit  relay,  it  being 
possible  if  desired  to  add  two  or  three  more  instrtunents  to  the 
circuit  without  affecting  the  accuracy  of  the  readings  if  the 
current  transformer  is  properly  chosen  in  the  first  place. 

H.  H.  Barnes,  Jr. 

Separate  current  transformers  are  not  necessary. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

As  to  whether  separate  current  transformers  ?re  necessary 
for  ammeters  and  time-limit  relay  on  alternating-current  feeder 
circuits,  the  matter  depends  both  on  the  capacity  of  the  current 
transformers  and  upon  the  relays.  If  the  relays  have  such  a  high 
resistance  that  there  is  not  enough  pressure  in  the  series  trans- 
former circuit  to  operate  them  without  an  excessive  drop  in 
voltage,  or  if  the  relays  are  designed  with  a  variable  magnetic 
induction,  the  ammeters  would  not  read  correctly  with  the 
relays  in  the  same  circuit.  Bertrand  Rowe. 

The  same  current  transformer  will  do  for  both  ammeter  and 
time-limit  relays  on  alternating-current  feeders. 

H.  J.  Meyer. 

M  20.  (a)  What  is  considered  the  best  design  for  ground 
plates?  (b)  What  is  regarded  as  the  best  practice  in  locating 
same,  and  their  connection  to  the  different  generators,  trans- 
formers and  instruments  in  stations  or  substations?  (c)  Should 
all  this  apparatus  be  connected  to  the  same  ground  'bus,  or 
should  there  be  an  independent  ground  'bus  for  each  class  of 
apparatus  ? 

Flat  sheet  copper.  For  protection  from  lightning,  all  riins 
should  be  as  nearly  as  possible  in  a  straight  line  to  earth. 

Ralph  D.  Laxton. 

(a)  The  best  ground  for  high-tension  apparatus  can  be 
made  by  attaching  to  underground  water  mains. 

(b)  For  a  station  ground  plate  the  best  practice  is  to  sink 
a  tinned  copper  plate  in  permanently  damp  earth  and  embed  it 

V.  2 — 14 
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in  crushed  coke  or  charcoal,  preferably  pea  size.  In  a  water- 
power  station,  connection  should  also  be  made  to  the  iron  flume, 
(c)  The  best  practice  is  to  connect  all  ground  circuits  and 
the  frame  of  the  building,  as  well  as  all  apparatus  to  be  grounded 
to  the  same  circuit.  Bertrand  Rowe. 

A  one-inch  galvanized-iron  pipe,  eight  feet  long,  driven  in 
the  ground,  shows  results  on  the  lightning  arrester.  All  parts 
should  be  insulated  for  safe  protection. 

Augusta  Ry.  and  Elec.  Co. 

M  21.  Should  the  discharge  resistance  leads  for  any  gen- 
erator field  switch  be  insulated  for  a  higher  pressure  than  the 
field  leads? 

No.  Bertrand  Rowe. 

There  does  not  appear  to  be  any  reason  for  insulating  the 
discharge  resistance  leads  of  a  generator  field  switch  with 
greater  care  than  the  main  field  leads  themselves. 

H.  H.  Barnes,  Jr. 

No.  Both  sets  of  leads  are  subjected  to  the  same  insulation 
strain.  M.  P.  R.,  N.  Y.  Ed.  Co. 

No.  The  pressure  is  the  same  throughout  the  field  leads 
as  in  the  discharge  resistance  leads.  Clayton  Geiger. 

M  22.  Has  any  form  of  3-phase  reverse-current  relay  for 
use  on  the  substation  ends  of  high-tension  feeders  in  multiple, 
proved  satisfactory  in  service? 

A  reverse-current  relay  which  depended  on  pressure  and 
current  was  installed  for  test.  It  proved  a  failure  because  the 
drop  in  pressure  at  time  of  reversal  of  power  made  the  device 
inoperative.  Edw.  Schildiiauer. 

M  23.  (a)  How  often  is  it  usual  to  change  the  oil  in  oil 
switches  of  15,000  volts,  100  to  300  amperes  capacity,  when  oper- 
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ated  once  or  twice  daily?     (b)  How  can  one  tell  when  change 
should  be  made? 

If  switches  are  opening  large  quantities  of  current  once  or 
twice  daily,  the  oil  should  be  changed  at  least  monthly,  but  if 
they  are  opening  only  small  amounts,  once  in  six  months  or  even 
once  a  year  would  be  good  practice.  In  general,  however,  after 
a  switch  has  opened  5000  to  10,000  kilowatts  under  short-circuit 
conditions  it  should  be  inspected  and  the  condition  of  the  oil 
should  govern  a  decision  as  to  the  need  of  changing  the  oil. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

A  moisture  test  is  properly  sufficient  to  determine  when  oil 
should  be  changed.  A  sample  of  oil  should  be  taken  from  switch, 
and  heated  in  a  vessel  covered  with  a  glass  plate,  raising  to  tem- 
perature of  boiling  water.  If  a  perceptible  amount  of  water 
condenses  on  the  glass  cover,  oil  should  be  changed. 

G.  N.  Eastman. 

M  24.  In  determining  the  correctness  of  recording  watt- 
meters, is  it  necessary  to  check  the  ratio  of  series  and  shunt 
transformers  from  time  to  time,  when  snch  apparatus  is  used  on 
wattmeters? 

The  ratios  of  series  and  shunt  transformers  that  are  used 
with  electrical  instruments  ought  to  remain  unchanged  unless  the 
transformer  has  been  damaged.  If  any  accident  has  occurred 
to  a  transformer  or  there  is  reason  to  believe  that  some  of  its 
turns  may  have  become  burned  out,  it  is  then  desirable  to  check 
the  ratio  for  the  purpose  of  learning  whether  or  not  the  trans- 
former is  still  in  satisfactory  condition.       Dugald  C.  Jackson. 

If  series  and  shunt  transformers  furnished  with  integrating 
wattmeters  have  been  prop'erly  constructed  by  the  manufacturer, 
as  most  of  these  devices  are  at  the  present  time,  there  is  no  reason 
why  there  should  be  any  necessity  of  checking  the  ratio  of  either 
the  series  or  shunt  transformers  after  this  ratio  has  once  been 
determined  and  given,  unless  the  transformers  are  damaged  at 
some  time  so  that  they  have  to  be  rewound.  In  this  case  it  is,  of 
course,  best  to  determine  the  ratio  exactly  before  installing  again 
with  the  instruments  for  which  the  transformers  are  made. 

R.  C.  Lanphier. 
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With  well-designed  series  transformers  the  change  in  the 
ratio  due  to  aging  is  usually  negligible  and  does  not  affect  the 
wattmeter  readings.  The  effect  of  age  on  the  shunt  transformers 
will  not  affect  its  ratio.  Bertrand  Rowe. 

It  is  wiser  to  do  this  each  year  when  the  instruments  are 
tested.  Augusta  Ry.  and  Elec.  Co. 


BELTS  AND  SHAFTING 

N  1.  Are  rubber  belts  for  high  speed  on  generators  better 
than  leather?    Why? 

Sometimes,  yes^ — sometimes,  no!  High  speed  may  mean 
rapid  rim  in  lineal  feet  per  minute,  or  high  speed  in  revolutions 
of  driver  and  driven  pulleys.  Therefore,  if  pulleys  are  small  in 
diameter  and  of  high  rotative  speed,  rubber  belt,  owing  to  its 
flexibility,  is  preferable  to  leather.  Otherwise,  no.  Rubber  belts 
when  employed  should  be  the  very  best  in  material  and  workman- 
ship, of  suitable  ply  for  strength,  and  of  ample  width  to  transmit 
the  required  quantum  of  power.  E.  T.  Copeland. 

Leather  belts  are  the  best  for  ordinary  work,  for  the  reason 
that  they  give  better  satisfaction  all  around,  as  to  wear,  tear, 
et  ccBtera.  C.  W.  Koiner. 

No.    They  wear  out  too  quickly.  J.  F.  Dostal. 

No. 

The  Edison  Elec.  Ill^g  Co.  of  West  Chester,  Pa. 

The  red-strip,  non-stretchable  rubber  belts  are  better  than 
leather,  because  when  you  once  get  the  right  tension  they  will 
become  no  tighter,  and  they  are  less  liable  to  slip.  If  slipping 
does  occur  a  slight  dressing  of  boiled  linseed  oil  will  stop  it  at 
once.  W.  P.  Cahill. 
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Rubber  belts  are  not  desirable  on  high  or  low-speed  genera- 
tors, for  the  reason  that  wire  fastening  or  lacing  is  not  so  strong 
nor  so  smooth  as  the  scarfed  and  cemented  joint;  moreover,  if 
any  oil  falls  on  a  rubber  belt,  the  rubber  is  rapidly  dissolved, 
making  a  sticky  mess.  Chas.  H.  Peters. 


Double  leather  belts  are  preferable. 

G.  Wilbur  Hubley. 


N  2.  What  per  cent  of  power  is  wasted  in  a  good  belt 
driving  a  generator  as  compared  with  a  direct-connected  unit? 

Four  per  cent.  C.  W.  Koiner. 

Have  made  several  tests  in  this  direction  and  have  found 
very  little  in  favor  of  the  direct-connected  unit,  the  percentage 
of  friction  of  belt-driven  being  below  that  of  the  direct-connected 
unit.  The  Edison  Elec.  Ill'g  Co.  of  West  Chester^  Pa. 

In  some  cases  not  over  0.5  per  cent ;  in  others,  three  to  seven 
per  cent.  Geo.  W.  Richardson. 

Approximately  10  per  cent.  G.  Wilbur  Hubley. 

N  3.  In  calculating  length  of  belt^  when  same  must  be  cut 
and  cemented  before  putting  on,  how  allow  for  stretch  t 

One-eighth  inch  for  each  foot  in  length  of  belt. 

Chas.  N.  Shaw. 

A  very  simple  method  is  to  measure  or  calculate  the  length 
of  the  belt  very  accurately  and  deduct  one-eighth  of  an  inch  per 
foot  for  single  belt,  and  one-sixteenth  of  an  inch  per  foot  for 
double  belt ;  this  makes  a  belt  about  as  tight  as  it  can  be  put  on 
pulleys.  J.  F.  C. 

Never  mind  about  the  stretch ;  allow  for  getting  it  on. 

Geo.  W.  Richardson. 
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The  best  plan  is  to  put  the  belt  around  the  pulleys  and  pull 
up  the  belt-stretcher  before  making  joint,  as  no  calculation  can 
be  made  for  the  amount  the  belt  will  stretch. 

The  Edisqn  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

New  leather  belts  stretch  from  one-fourth  to  one-half  inch 
per  foot,  and  must  be  taken  up  accordingly.       W.  P.  Cahill. 

Allowance  for  stretch  in  leather  belt  depends  on  its  length 
and  thickness.  If  no  means  are  provided  for  taking  up  the 
stretch  on  belt,  the  best  you  can  do  is  to  give  supply  house  the 
exact  measurement  over  pulleys,  and  they  will  take  stretch  into 
consideration  as  far  as  possible.  All  new  belts,  however,  keep 
stretching  from  time  to  time,  and  if  it  is  impossible  to  remove 
from  pulleys,  belt  clamps  will  be  necessary  to  take  up  slack  while 
resplicing.  Chas.  H.  Peters. 

K  4.  What  is  a  safe  rule  for  size  of  shafting  for  direot- 
oonneoting  dynamo  and  water-wheel  shaft? 

For  shafting  of  turned  iron,  bearings  eight  feet  apart. 
D  =  diameter  of  shaft  in  inches 
i?  =  revolutions  per  minute 
H  =:  horse-power 


Then 


D  =  Jl'f 


y/ 


This  formula  is  the  minimum  diameter,  therefore  judgment 
must  be  used  in  selecting  a  size  larger  than  that  given  in  formula, 
depending  on  the  distance  apart  of  bearings. 

Geo.  W.  Richardson. 

The  shearing  strength  of  steel  is  equal  to  three-fifths  of 
the  tensile  strength.  Assuming  the  ultimate  tensile  strength  of 
machine  steel  used  in  shafting  at  85,000  to  90,000  pounds  per 
square  inch,  the  ultimate  shearing  strength  would  be  about 
52,000  pounds  per  square  inch,  or  a  safe  working  stress,  on 
a  factor  of  safety  of  4,  about  13,000  pounds  per  square  inch. 
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The  turning  moment  of  the  shaft  in  inch-pounds,  divided 
by  the  cross  section  of  the  shaft  in  square  inches  should  be 
not  over   13,000. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


N  5.    Which  is  the  most  efficient  pulley,  leather-covered, 
wood  or  paper? 


From  some  considerable  experience  with  pulleys  of  varied 
characteristics,  I  find  that  paper  pulleys  of  reasonable  sizes  give 
the  best  service.  Lee  Boyer. 


We  prefer  paper  pulleys.  F.  L.  Williamson  &  Co. 


Wood,  for  small  pulleys,  at  least.  Fred  H.  Beck. 


Leather-covered  pulleys  are  naturally  the  most  efficient,  but 
wood  can  be  more  securely  placed  on  a  pulley  where  the  size  is 
to  be  increased.  It  is  very  hard  to  make  leather  hold  on  an  iron 
pulley.  My  experience  with  paper  pulleys  is  that  they  get  very 
slippery  and  cause  a  great  deal  of  trouble,  and  when  an  effort  is 
made  to  stop  the  slipping  they  have  a  tendency  to  cake  very  badly. 
For  electric-light  work  where  iron  pulleys  can  be  used  I  would 
recommend  the  use  of  slack  belts  and  the  preparation  known  as 
cling  surface;  it  has  proven  very  satisfactory  to  us. 

Fred  M.  Lege^  Jr. 


I   consider  a  perfectly   smooth   iron   pulley   most  efficient. 

D.    O'CONNELL. 


Very  little  choice,  so  far  as  I  can  see,  in  actual  practice, 
but  w^e  make  a  practice  of  specifying  paper  pulleys  in  all  con- 
tracts for  generators,  having  had  excellent  success  with  them. 

E.  W.  Furbush. 
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OIL  AND  WASTE 

0  1.  What  make  of  oil  is  best  for  lubricating  cylinders 
using  superheated  steam? 

0  2.  What  fire  test  should  cylinder  oil  stand  for  use  with 
90-pound  steam;  also  125-pound?    Speed  100,  cylinder  20  by  42? 

Six  hundred  degrees  Fahrenheit.  C.  W.  Koiner. 

Six  hundred  to  650  degrees  fire  test.  Chas.  IL  Peters. 

0  3.  What  are  the  effects  of  superheated  steam  on  cylinder 
lubrication,  with  160  pounds  pressure;  steam  superheated  to  100 
degrees  or  more? 

We  have  to  use  some  40  per  cent  more  cylinder  oil  witli 
superheated  steam  than  with  wet  steam.  W.  P.  Hancock. 

0  4.  Does  the  most  economical  cylinder  oil  have  very  little 
or  no  animal  fat  ? 

The  high-grade  cylinder  oils  are  mineral  oils. 

C.  W.  Koiner. 

The  best  cylinder  oils  contain  some  animal  fats. 

O.  H.  Young. 

After  frequent  tests  we  find  that  most  economical  cylinder 
oil  has  very  little,  if  any,  animal  fat. 

Madison  Lt.  and  Ry.  Co. 

The  best  and  most  economical  cylinder  oil  contains  no  animal 
fat.  Chas.  H.   Peters. 

All  good  cylinder  oils  have  a  small  percentage  of  animal  fat. 

G.  Wilbur  Hubley. 
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A  very  little  animal  fat  is  very  desirable  in  cylinder  lubri- 
cation unless  the  condensed  steam  is  to  be  returned  to  the 
boilers,  in  which  case  its  deleterious  effect  upon  the  feed  water 
would  more  than  offset  its  lubricating  advantages. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

I  believe  that  the  oil  manufacturers,  in  compounding  cyl- 
inder oil  to  make  a  high-priced  and  high-test  oil,  put  in  more 
tallow  than  in  the  cheap  grades.  W.  H.  Mills. 

0  5.  Describe  some  conyenient  and  cheap  apparatus  for 
removing  oil  from  used  waste  and  making  it  suitable  for  further 
use. 

It  has  been  found  well  to  squeeze  the  oil  from  the  waste 
with  a  press.  In  this  way  considerable  oil  can  be  taken  from  the 
oil-filled  waste.  C.  W.  Koiner. 

Centrifugal  wringer  with  a  little  steam  will  extract  the  oil. 

G.    H.    CUSHMAN. 

Machine  made  for  this  purpose  by  Oil  and  Waste  Saving 
Machine  Company,  of  Rochester,  N.  Y.,  is  most  convenient,  and 
is  efficient  and  economical  for  operation,  although  first  cost  is 
high.  G.  Wilbur  Hubley. 

Take  a  piece  of  12-inch  steam  pipe  about  18  inches  long,  and 
secure  a  cap  at  the  bottom.  Perforate  the  bottom.  Inside  of  this 
place  a  plunger  that  can  be  screwed  up  and  down  by  a  screw 
passing  through  a  yoke  fastened  to  the  top  of  the  12-inch  pipe. 
Oily  waste  can  be  placed  in  this  pipe,  and  when  the  plunger  is 
screwed  down  the  oil  will  be  squeezed  out  from  the  waste  and 
can  then  be  filtered  and  used  again;  the  waste  can  be  washed 
and  used  again.  F.  Ellwood  Smith. 

We  have  used  for  this  purpose  for  ten  years  with  eminent 
satisfaction,  the  Economy  waste  press,  made  by  the  Strong 
Machine  and  Supply  Company,  ol  2^2  Murray  street.  New 
York  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 
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A  piece  of  eight-inch  pipe  combined  with  the  use  of  a  screw 
from  an  old  jack-screw  can  be  made  up  into  a  good  oil  press. 

Augusta  Ry.  and  Elec.  Co. 

0  6.  What  is  the  length  of  time  one  filling  of  an  oiling 
system  can  be  used  where  the  oil  is  pumped  back  into  the  tank 
and  nsed  over  again?    Does  not  the  oil  gradually  wear  out? 

There  is  always  some  waste  of  the  oil,  and  by  replenishing 
same  the  viscosity  of  the  oil  is  maintained. 

Geo.  W.  Richardson. 

We  use  oil  over  and  over  again,  adding  new  oil  as  need 
requires.  David  W.  Beaman. 

Depends  on  grade  of  oil  used,  the  efficiency  of  the  filters, 
the  amount  of  make-up  supply  required,  and  so  forth. 

G.  Wilbur  Hubley. 

Six  months  to  a  year,  according  to  the  amount  of  oil  in  tank. 

Augusta  Ry.  and  Elec.  Co. 

0  7.  If  the  temperature  of  oil  is  160  degrees  Fahrenheit 
when  it  comes  from  the  turbine  step  bearing,  is  it  necessary  to 
cool  before  using  again? 

1  find  that  the  oil  gives  better  results  if  not  cooled ;  that  seven 
gallons  of  oil  p^er  month  will  lubricate  the  step-bearings  of  two 
500-kw  turbines.  Thomas  Hawken. 

The  temperature  of  the  oil  entering  the  bearing  must  be 
the  best  guide  in  this  matter.  If  large  tank  and  radiating  sur- 
face cool  the  oil  so  that  the  temperature  of  the  oil  leaving  the 
bearing  never  rises  above  160  degrees,  cooling  may  not  be  nec- 
essarv. 

Have  seen  a  case  where  oil  was  not  cooled  for  seven  hours 
and  in  that  time  the  temperature  had  steadily  but  very  slowly  risen 
to  about  180  degrees.  The  tank  capacity  and  radiating  surface  in 
this  case  was  quite  large.  Normal  temperature  of  oil  leaving  bear- 
ing was  about  120  degrees. 

'  The  Philadelphia  Eli^x.  Co. 
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0  8.  What  is  a  good  lubricant  for  wooden  cog  gears  mesh- 
ing with  steel  pinions? 

Molasses  and  graphite.  Chas.  N.  Shaw. 

Albany  grease — sometimes  called  hard  oil. 

Geo.  W.  Richardson. 

The  Standard  Oil  Company  makes  a  special  grease  for  this 
purpose,  which  gives  splendid  results.  P.  H.  Korst. 

Hard  grease  and  powdered  graphite  mixed. 

A.  R.  MacKinnon. 

1  have  until  recently  thought  we  must  use  Albany  grease, 
but  having  a  shipment  delayed  used  lard  compound  as  a  makeshift 
and  found  that  it  answered  perfectly  at  about  one-third  the  cost. 

E.  W.  Crocker. 

Very  fine  sawdust,  graphite  and  grease. 

Augusta  Ry.  and  Elec.  Co. 

A  good  lubricant  for  wood  cog  gears  meshing  with  steel 
pinions  is  composed  of  one  and  a  half  pounds  flake  graphite  mixed 
with  ten  pounds  of  Albany  grease.  Melt  the  grease  and  mix 
the  graphite  with  same  and  apply  with  a  brush  when  gears  are 
running  slow.  H.  P.  Woods. 

Tallow  and  graphite  have  given  us  good  results  for  the  last 
six  years  Melt  the  tallow,  mix  with  it  some  flaked  graphite,  and 
cipply  to  the  gear  wheel  with  a  paint  brush  while  the  gear  is 
running:.  Lee  Jernigan. 

0  9.  If  a  cylinder  oil  leaves  a  sticky,  brownish  substance 
on  valve  seat  when  the  valve  has  cooled  off  by  exposing  to  the 
air,  does  it  show  over-compounding,  or  compounding  to  give 
viscosity  refi^ardless  of  lubrication? 

The  best  cylinder  oil  of  the  compounded  stock  contains  95 
to  97  per  cent  steam-refined  mineral  oil  and  three  to  five  per  cent 
of  acidless  tallow  oil ;  the  oil  to  be  compounded  at  a  temperature 
not  less  than  300  degrees  Fahrenheit,  the  mineral  stock  to  be 
25.5  to  26  degrees  Baume  gravity,  580  flash  and  640  fire  test,  to 
be  dark  filtered  but  not  a  black  oil. 

It  is  desirable,  however,  to  keep  the  percentage  of  animal 
oil  as  low  as  possible,  as  a  large  quantity  of  it  will  leave  a  gummy 
coke  deposit  in  the  cylinder,  which  will  seriously  attack  not  only 
the  joints  but  the  iron  itself.  S.  C.  Foster. 
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OVERHEAD  XINES 

P  1.  Has  any  one  used  crude  oil  or  tar  in  the  treatment 
of  poles  ?    If  so,  with  what  success  ?      State  method  of  application. 

Have  applied  hot  tar  to  season  poles  for  several  years  and 
from  present  appearance  the  poles  are  preserved  by  this  treatment. 
The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

We  are  using  the  tar  from  our  water-gas  works  to  paint  the 
butts  of  all  our  poles,  and  find  that  the  horses  will  not  touch  them 
after  we  have  the  butt  well  tarred.  G.  B.  Leland. 

Crude  oil,  yellow  ochre  and  lamp-black  make  a  good  green, 
and  will  wear  well.  Fred  B.  Sharpe. 

Have  used  tar  on  butts  of  poles,  applied  hot,  and  don't  think 
it  pays  the  expense  of  putting  on.  It  preserves  the  outer  shell 
and  holds  the  dampness  inside,  causing  it  to  decay  sooner  than  it 
would  otherwise  do.  If  it  could  be  forced  in  under  pressure  I 
think  it  would  preserve  the  pole.  Herbert  E.  Bragdon. 

Tar  was  used  on  poles  set  in  damp  and  swampy  places  and 
increased  the  life  of  the  poles  from  two  to  four  years  over  that  of 
poles  not  tarred.  To  get  the  best  results  the  poles  should  be 
charred  for  a  distance  of  six  or  seven  feet  at  the  butt,  and  the  tar 
thickly  applied  with  a  brush  while  poles  are  still  warm. 

A.  M.  Cover. 

In  regard  to  treatment  of  poles,  we  get  tar  from  the  gas 
company,  thin  it  a  little  with  kerosene  and  apply  with  a  heavy 
brush  about  eight  inches  above  the  dirt  line  and  about  two  feet 
below.  H.  E.  Ryder. 

P  2.  Does  creosoting  from  7  to  8  feet  of  the  base  of  cypress 
poles,  where  poles  are  set  6  feet,  prolong  the  life  of  same  long 
enough  to  justify  the  expense  of  creosoting? 

Yes.  W.  H.  Greenslit. 
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We  have  tried  different  methods  of  preserving  wooden  poles, 
and  the  method  that  has  proved  most  successful — which  I  think 
should  be  brought  to  the  attention  of  the  electric-light  companies — 
is  a  cement  butt.  This  cement  butt  is  six  feet  long  where  the  butt 
is  set  five  feet  in  the  ground,  and,  by  means  of  four  galvanized- 
iron  clamps  set  into  the  cement,  you  set  the  wooden  pole  on  top  of 
the  cement  butt.  The  galvanized  clamps  are  brought  up  on  the 
four  sides  of  the  poles  directly  opposite  one  another,  and  the  two 
bolts  are  put  through  the  clamps  in  the  poles  to  hold  the  same, 
making  a  very  substantial  job.  The  top  of  the  cement  butt  comes 
about  one  foot  above  the  top  of  the  ground,  thereby  preventing 
the  rotting  that  takes  place  with  wooden  poles  at  the  ground  line, 
especially  due  to  rain  hitting  the  ground  and  splashing  up  against 
the  base  of  the  pole. 

We  have  had  some  of  these  poles  in  use  for  two  years  and 
they  have  shown  no  perceptible  wear,  and  we  are  setting  all  our 
new  pole  construction  with  these  bases.  When  the  wooden  pole 
becomes  defective,  all  that  has  to  be  done  is  to  unscrew  the  bolts 
and  set  a  new  pole  on  the  cement  butt,  thereby  avoiding  the 
trouble,  on  the  city  lines,  of  having  to  have  your  pole-hole  loca- 
tions relocated.  D.  H.  Hegarty. 

Creosoting  a  cjrpress  pole  at  the  base  one  foot  above  the 
ground  line  will  make  it  last  from  twenty  to  twenty-five  years. 

H.  J.  Meyer. 

I  don't  think  so.  Herbert  E.  Bragdon. 

We  have  been  painting  with  Carbolineum  all  poles  we  have 
set  during  the  last  few  years,  and  believe  the  /poles  will  last 
enough  longer  to  pay  for  the  trouble  and  expense  of  the  treatment. 

F.  L.  Williamson  &  Co. 

Creosoting  any  wooden  poles  from  the  bottom  to  a  point 
12  inches  above  the  ground  line,  is  the  best  kind  of  investment  a 
company  can  make.  We  find  that  three  to  four  coats  of  C.  A. 
Wood  Preserver,  which  is  a  creosote  preparation,  increases  the 
life  of  poles  almost  75  per  cent  in  our  dry  locality. 

Chas.  H.  Peters. 
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P  3.  In  building  a  2200-yolt  single-phase  transmission  line, 
how  shonld  the  transposing  poles  be  constructed? 

Transposition  is  not  necessary.  W.  W.  Titzell. 

P  4.  What  is  a  good  method  of  dead-ending  heavy  primary 
pole  Ime  feeders;  something  that  will  answer  the  purpose  of 
the  regular  strain  insulators? 

A  very  good  method  is  to  use  a  number  of  high-strain  insula- 
tors in  series,  using  one  to  every  500  volts.  If  used  in  a  horizontal 
plane  they  will  give  very  good  results.  J.  F.  C. 

By  the  regular  guy-wire  method,  using  enough  strain 
insulators  in  series  to  stand  the  electrical  strain  and  enough  in 
parallel  to  stand  the  mechanical  strain.  W.  H.  Greenslit. 

We  have  found  success  with  double-arming,  using  good 
locust  pins,  and  placing  end  of  feeder  so  that  the  strain  comes 
equally  on  the  two  pins;  then  bridle-guy  each  set  of  arms  back 
to  stub,  having  a  good  anchor.  It  is  possible  and  safe  to  thus 
hold  No.  00  wires.  A.  Peters. 

Have  had  very  good  success  with  strain  insulators  made  by 
using  large  spool-shaped  porcelain  insulators  clamp'ed  with  bolts 
between  two  iron  plates,  tieing  one  insulator  to  the  live  wire  and 
the  other  to  the  cross-arm.  If  very  high  voltage  is  used,  two  or 
more  sets  of  spools  can  be  used  in  series. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

One  method  would  be  the  use  of  an  insulated  pole  ratchet. 
Another  method  is  the  construction  of  a  pin  with  a  yoke — the 
yoke  to  fit  over  and  be  bolted  to  the  arm.  Special  insulator  of 
gutta-percha  made  fast  to  pin.  F.  J.  Arnold. 

A  "break-arm"  with  triple-petticoat  porcelain  insulators 
makes  a  safe  and  permanent  job.  The  feeder  is  attached  to  one 
insulator  and  the  guy  wire  to  the  other.        D.  Clinton  Shain. 
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Double-arm,  with  bolts  through  each  end  of  arms ;  end  tie  on 
outside  glass.  Fred  B.  Sharpe. 

Double-arm  last  pole,  anchor  end  of  line  on  last  glass  and  tie 
in  on  opposite  glass.  Double-arm  next  pole  and  tie  in  on  each 
glass  with  prop'er  gauge  copper  wire.  Guy  arms  to  stub,  making 
guys  fast  to  eye-bolt  running  through  blocks  between  arms, 
setting  strain-ball  insulators  in  each  guy  near  the  arms  and  guy 

stub.  W.  W.  TiTZELL. 

Use  recently  developed  spool-shaped  porcelain  insulator,  in 
which  the  wire  is  fastened  about  midway  between  two  petticoats ; 
a  bolt  passes  through  the  insulator  and  through  the  cross-arms 
directly  above  and  below  same.  Warren  Partridge. 

P  5.  With  overhead  wires,  what  is  the  voltage  limit  to 
be  safely  handled  when  lineman  is  on  a  wet  pole  ? 

Five  hundred  volts.  W.  H.  Greenslit. 

Two  thousand  volts  would  seem  to  be  the  limit,  as  we  have 
some  difficulty  in  handling  that  at  times.  W.  L.  Sees. 

If  gloves  were  dry,  2200  volts.  D.  Clinton  Shain. 

Twentv-five  hundred  volts.  G.  H.  Gush  man. 

Pull  the  switch  at  station  and  then  the  lineman  is  safe  if  he 
liandles  every  wire  as  though  it  were  a  2200-volt  circuit. 

Herbert  E.  Bragdon. 

« 

Twenty-three  hundred  volts  is  as  high  as  should  be  attempted, 
i\nd  then  only  when  the  lineman  is  properly  equipped  with  suita- 
ble safety  apparatus. 

The  Edison  Elec.   Ill'g  Co.  of  Boston. 

With  great  care,  and  the  use  of  rubber  gloves  and  rubber 
!K)ots  a  safe  voltage  limit  would  be  about  4000  volts. 

The  Edison  Elec.  TllV,  Co.  of  Brockton. 
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Four  thousand  volts  to  5000  volts,  if  good  rubber  gloves 
are  used.  M.  P.  R.,  N.  Y.  Ed.  Co. 

P  6.  Suggest  ways  of  removing  static  charge  from  are 
and  primary  cironits,  especially  when  partly  overhead  and  partly 
underground. 

Where  wire  and  cables  are  lead-covered,  grounding  the 
sheath  is  a  successful  method  of  removing  this  static  charge. 

H.  J.  Meyer. 

Let  the  static  discharge  to  ground  through  a  heavy  pencil 
mark  on  a  strip  of  ground-glass.  J.  F.  Dostal. 

Gap  lightning  arresters.  G.  Wilbur  Hubley. 

Use  lightning  arresters  or  high-resistance  static-discharge 
apparatus  at  the  station  ends  of  the  circuits  and  also  at  points 
where  circuits  make  underground  connections. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Ground  the  circuit.  M.  P.  R.,  N.  Y.  Ed.  Co. 

A  small  motor  could  easily  be  arranged  with  rotating  arm 
and  condenser  to  wipe  the  charge  off  the  lines,  while  in  operation. 

Augusta  Ry.  and  Elec.  Co. 

P  7.  (a)  What^  if  any,  is  gained  by  using  a  grounded 
neutral  on  an  Edison  3-wire,  direct-ourrent,  110-220-volt  system  T 
(b)  What  is  the  best  method  of  grounding  same,  and  how  far 
apart  should  ground  connections  be  placed? 

(a)  By  grounding  the  neutral  it  is  impossible  to  get  a  220- 
volt  short  or  220-volt  shock.  At  the  same  time,  it  is  rather  con- 
ducive to  the  destruction  of  meters,  or  seems  to  be  so. 

(b)  Ground  at  station  to  a  copper  plate  placed  as  if  for 
lightning  arresters  and  connect  to  ground  out  on  line  wherever 
convenient.  A.  Peters. 
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Impossible  to  get  over  no  volts  between  line  and  ground. 
Reducing  the  strain  on  fixture  insulators,  inside  wiring,  lamps, 
and  other  appliances,  has  numerous  advantages. 

D.  Clinton  Shain. 


Follow  the  rules  in  National  Code.  G.  H.  Cushman. 


(a)  Reduces  voltage  to  maximum  of  no  volts.  Not  necessary 
to  use  insulated  wire  on  neutral. 

(b)  Ground  connection  should  be  made  at  convenient  points 
to  underground  pipe  lines,  or,  wherever  these  are  not  available, 
by  copper  connection  to  ground  plate  buried  at  least  six  feet  below 
surface  of  ground.  G.  Wilbur  Hubley. 


(a)  The  advantage  of  grounding  the  neutral  wire  of  an 
Edison  three-wire  system  is  safety  to  customers  from  high  poten- 
tial entering  their  premises,  due  to  crosses  with  high-voltage 
lines.  The  ground  makes  it  impossible  for  greater  potential 
than  no  volts  to  exist  between  either  wire  and  the  ground,  (b) 
Rule  13A  of  the  National  Board  of  Fire  Underwriters,  1903, 
requires  grounding  of  three-wire  systems  every  500  feet.  An 
excellent  ground  may  be  obtained  by  about  two  bushels  of  coke 
about  the  size  of  an  egg  buried  five  or  six  feet  in  the  ground 
around  a  copper  plate.  This  method  has  been  very  carefully 
discussed  in  a  special  bulletin  of  the  New  England  Insurance 
Exchange,  dated  March  15,  1905,  entitled  Grounding  Low- 
Potential  Circuits. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


The  principal  advantage  in  grounding  a  neutral  on  a  three- 
wire  overhead  system,  is  that  danger  to  life  due  to  crosses  with 
series  arc  or  other  high-potential  circuits  is  avoided.  In  a  small 
town,  where  there  are  no  high-potential  wires,  there  would  be 
no  particular  object  in  grounding  the  neutral  of  a  11 5-230- volt, 
direct-current  system,  except  that  there  might  be  less  liability  to 
damage  to  property  and  apparatus  from  lightning  storms. 

W.  G.  Carlton. 

V.  2—15 


226  P— OVERHEAD  LINES  P  7 

(a)  The  neutral  should  be  grounded: 

First — To  limit  the  potential  strain  between  wire  and  fixture 
to  approximately  1 10  volts. 

Second — When  a  defect  occurs  in  insulation  it  immediately 
becomes  manifest  by  blowing  of  one  fuse.  This  fuse,  being  on 
but  a  1 10- volt  short-circuit,  opens  without  fail.  With  two  fuses 
in  series  on  a  220-volt  short-circuit,  the  arc  may  hold. 

Third — It  is  not  possible  to  shunt  the  customer's  meter,  either 
accidentally  or  intentionally,  by  a  ground  after  the  meter  and 
another  one  before  it.  With  neutral  purposely  grounded  these 
grounds  on  the  outside  wire  either  blow  the  service  fuse,  or,  if 
partial,  show  up  on  the  meter  and  will  probably  be  discovered 
when  a  "kick"  is  made  on  the  high  bill. 

(b)  The  proper  place  to  make  the  ground  is  at  the  station, 
and  there  only.  If  other  grounds  are  made  the  return  current  of 
street-railway  system  may  enter  by  them  and  flow  to  station  zHa 
the  lightning  neutral,  causing  an  unbalancing  at  distant  end  of 
twice  the  amount  of  drop  thus  caused  in  neutral  conductor.  T^n 
volts  per  mile  is  frequently  found  on  railway  returns ;  this  would 
unbalance  the  lighting  system  20  volts.  This  has  actually  occurred. 

G.  R.  Radley. 

(b)  If  the  neutral  of  an  Edison  system  is  grounded,  the 
best  method  is  to  ground  it  at  the  station  only.  Especially  so,  if 
the  lines  parallel  electric  street-railway  lines  using  the  rail  as  part 
of  their  electrical  circuit.  In  case  of  two  or  more  grounds,  the 
neutral  will  have  a  tendency  to  carry  part  of  the  railway  current 
from  one  ground  to  the  other.  This  current  will  vary  as  the 
load  in  the  street-railway  system  varies,  and  is  apt  to  cause  a 
fluctuation  of  voltage  on  the  lighting  system.        E.  J.  Bechtel. 

Where  the  system  is  liable  to  be  unbalanced,  the  drop  has 
been  lessened  by  grounding  the  neutral  at  the  station  and  at  the 
p-oints  where  the  unbalancing  occurs.  J.  F.  Dostal. 

(a)  Advantages  are  that  the  possible  shock  to  consumer  who 
handles  fixtures  is  reduced  to  one-half  the  pressure  of  the  system, 
that  is,  1 10  volts.  A  well-grounded  neutral  system  assists  materi- 
ally in  balancing  one  district  against  another  without  relying  on 
the  neutrals  in  feeders  carrying  the  unbalanced  current  back  to 
the  station  to  be  balanced  there. 
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(b)  Ground  stakes  in  every  manhole  and  heavy  gxound  plates 
at  all  stations  sunk  in  damp  soil  provide  all  necessary  ground 
capacity.  Grounds  should  be  made  on  system  at  least  every  500 
fdet.  The  Edison  Elec.  Ill'g  Co.  of  Boston. 

P  8.  What  objections  are  there  to  grounding  the  neutral 
of  a  4-wire  S-phase  system  outside  the  station  and  relying  upon 
these  ground  wires  on  neutral  instead  of  lit^tning  arresters  t 
This  refers  to  systems  operating  with  neutral  grounded  in  station. 

Grounding  the  neutral  of  the  three-phase  system  perma- 
nently increases  the  danger  in  handling  the  high-tension  lines, 
and,  acting  in  place  of  the  lightning  arresters  that  would  be 
normally  placed  on  the  phases,  increases  the  risk  of  a  discharge 
through  some  of  the  apparatus  connected  to  the  neutral ;  assum- 
ing, of  course,  that  the  three-phase  wires  are  insulated  from  the 
ground.  E.  W.  Gough. 

If  the  grounds  are  made  to  a  railway  track  direct  current  will 
flow  over  the  alternating-current  neutral  and  phase  wires,  and 
this  may  cause  fictitious  indications  in  series  ammeters  at  the 
station — ^those  not  used  with  current  transformers.  Should 
"C.  R."  type  of  feeder  regulators  be  in  use  on  these  feeders,  this 
direct  current  may  hold  the  arc  from  one  clip  to  the  next,  short- 
circuiting  a  coil  and  burning  the  contacts.  G.  R.  Radi^y. 

When  outer  wires  receive  static  charges  they  are  relieved 
only  by  discharging  through  transformers  or  generators,  endan- 
gering apparatus.  The  proper  way  is  to  install  a  series  of  gaps 
from  each  outer  to  common  wire  and  ground  common  wire 
at  each  place  where  this  is  done.  W.  H.  C. 

After  a  system  has  been  operated  with  neutral  grounded  in 
the  station,  it  will  be  found  to  be  grounded  outside  also,  due  to 
no  attempt  being  made  to  keep  it  clear  of  grounds.  Hence  condi- 
tions will  not  be  changed  by  intentionally  grounding  it  outside. 
The  advantages  gained  by  grounding  a  neutral  at  each  lightning- 
arrester  installation  are  as  follows : 

Renders  placing  of  arresters  on  a  neutral  unnecessary, 
thereby  reducing  arrester  investment  and  maintenance  cost. 
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Partial  protection  against  gradual  accumulation  of  high 
charge  on  phase  wires,  by  allowing  a  path  for  discharge  from 
phase  wire  through  primary  of  transformer  to  grotmded  neutral, 
llie  ground  on  neutral  should  not  be  depended  upon  entirely  as 
protection,  but  arrester  should  be  placed  on  phase  wires. 

Paul  F,  Williams. 

We  see  no  objection  to  grounding  the  neutral  of  a  four-wire 
three-phase  system  at  the  station  only,  but  if  grounded  at  different 
points  in  a  street-railway  district,  the  return  currents  of  a  street 
railway  are  apt  to  be  anno)dng.  Lightning  arresters  should  be 
used  with  this  method.  E.  J.  Bechtel. 

Grounds  should  not  be  relied  upon  as  lightning  arresters, 
because  they  would  require  that  the  discharge,  in  order  to  reach 
the  grotmd,  pass  through  some  of  the  translating  devices  on  the 
lines.  There  is  no  objection,  however,  to  using  some  of  the 
neutral  grounds  for  the  purpose  of  grounding  lightning  arresters 
on  the  outside  wires. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

P  9.  (a)  Is  it  good  policy  to  ground  lightning  arresters  to 
street  railway  track,  provided  the  tracks  and  water  mains  are 
bonded  together  at  the  power-house  t  (b)  If  this  ground  is  not 
eonsidered  suiBcient  at  a  distance  of  two  miles  from  the  power- 
house, would  there  be  any  danger  to  the  track  or  oarsT 

It  is  desirable  to  have  independent  ground  from  railway 
track,  unless  ground  connection  to  same  is  in  close  proximity. 

G.  Wilbur  Hubley. 


The  ground  wire  of  lightning  arresters  can  be  very  well 
grounded  on  the  railway  track  with  the  best  of  results  if  the 
track  is  solid.  But  the  liability  of  the  wire  becoming  loosened 
must  be  taken  into  consideration. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

No.  Fred  B.  Sharpe. 
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(a)  I  do  not  think  it  good  policy. 

(b)  Do  not  think  it  would  damage  track  or  cars. 

Herbert  E.  Bragdon. 

The  best  policy  is  to  ground  lightning  arresters  both  to  the 
street-railway  lines  and  to  a  separate  ground. 

E.  J.  Bechtel. 

We  ground  our  lightning  arresters  to  street-railway  track, 
ground  track  into  river  and  such  permanently  damp  spots  as  are 
handy,  and  find  this  method  perfectly  satisfactory. 

Chas.  H.  Peters. 

This  is  good  policy,  and  would  not  be  at  all  dangerous. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

We  should  call  it  good  policy,  and  we  see  no  possibility 
of  damage  to  cars  or  track. 

Augusta  Ry.  and  Elec.  Co. 

P  10.  Is  there  any  sncoessfnl  method  of  lurotectuig  higli; 
tension  transmission  lines  from  lightning?    Where  is  it  nsed? 

Run  a  bare  wire  over  the  top  of  the  conductor;  usually  a 
single  line  on  top  of  the  pole  will  be  sufficient;  barbed  wire  is 
particularly  good.  E.  W.  Gough. 

Efficient  lightning  arresters  on  line  and  choke-coil  panels  in 
station.  G.  Wilbur  Hubley. 

P  11.  Describe  a  good  method  of  placing  lightning  arresters 
on  a  junction  pole  of  a  transmission  line,  where  the  aerial  line 
joins  nndergronnd  cablet 

It  is  preferable,  owing  to  the  presence  of  cables,  cable  joints 
and  pipes  on  a  cable  pole,  to  place  the  lightning  arresters  on  the 
first  pole  away  from  the  cable  pole.  In  this  way  a  standard 
installation  can  be  made  in  the  same  way  that  it  is  made  an)rwhere 
else  on  the  line  and  the  protection  of  the  cables  is  equally  good. 

H.  B.  Gear. 
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Lightning  arresters  should  not  be  placed  on  such  a  pole,  but 
on  the  next  p<He  to  it  W.  L.  Sees. 

Carry  the  underground  cable  up  the  pole  to  the  required 
distance  above  the  ground,  fastening  same  to  pole  by  lead  clips. 
Install  pothead  on  end  of  cable  and  attadi  overhead  wires  to 
terminals  of  cable  in  pothead.  Protect  pothead  with  a  suitable 
house,  which  is  proof  against  weather,  using  suitable  porcelain 
bushings  to  bring  wires  to  pothead  through  sides  of  house.  This 
construction  is  excellent  for  pressures  up  to  15,000  volts  and 
necessitates  a  house  approximately  two  feet  by  one  and  one-half 
by  one  and  one-half  feet. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

It  would  be  better  to  place  the  lightning  arresters  one  pole 
away  from  the  junction  pole  connecting  with  underground  lines, 
in  order  to  avoid  too  much  apparatus  on  the  junction  pole. 

W.  G.  Carlton. 

P  12.  What  is  the  smalleit  siie  weatherproof  copper  wire 
medhanicallsr  safe  for  overhead  city  linef 

Number  10  B.  &  S.  gauge.  G.  Wilbur  Hubley. 

Depends  upon  the  lengtfi  of  the  span;  usually  a  No.  6  is 
about  as  small  as  is  mechanically  safe.  E.  W.  Gough. 

« 

Number  6  B.  &  S.  gauge.  J.  F.  C. 

W.  H.  Greenslit. 

A.  Peters. 

W.  L.  Sees. 

F.  C.  S.,  Malden  Elec.  Co. 

J.  W.  Cartwright,  Jr. 

A.  R.  MacKinnon. 

Fred  B.  Sharpe. 

Paul  F.  Williams. 
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H.  J.  Meyer. 

G.   H.   CUSHMAN. 

E.  J.  Bechtel. 

Chas.  H.  Peters. 

j.  f.  dostal, 

F.  Ellwood  Smith. 

H.  E.  Ryder. 

H.  BOTTOMLEY. 

•  F.  W.  Bullock. 
John  J.  Gaffney. 

Number  8  hard-drawn  copper.  G.  B.  Leland. 

About  nine  years  ago  we  adopted  No.  10  B.  &  S.  weather- 
proof wire,  as  the  smallest  we  would  use  on  looo-volt  primary 
circuits.  Since  that  time  we  have  not  had  a  wire  down.  Prior 
to  that,  we  had  two  cases  when  No.  12  broke,  killing  a  horse  each 
time.  P.  E.  Cowles. 

Would  use  nothing  smaller  than  No.  8  hard-drawn. 

The  Edison  Elec.  Ill^g  Co.  of  West  Chester,  Pa. 

Nothing  smaller  than  No.  8  should  be  run  as  overhead 
conductor.  C.  W.  Koiner. 

Number  8  for  spans  up  to  100  feet.  Number  6  for  spans  over 
100  feet.  D.  Clinton  Shain. 

Size  No.  8  B.  &  S.  gauge  is  the  smallest  we  think  advisable. 

The  Colorado  Springs  Elec.  Co. 

Number  8  B.  &  S.  gauge.  Herbert  E.  Bragdon. 

We  never  use  wire  smaller  than  No.  10  B.  &  S.  gauge.  On 
high-potential  lines,  wire  smaller  than  No.  6  should  not  be  used. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 
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It  depends  on  the  distance  between  supports,  but  for  regular 
pole  lines  (poles  120  feet  apart)  No.  10  gives  best  service,  as 
smaller  sizes  will  not  stand  much  sleet  or  fires.       A.  M.  Cover. 


Where  stretches  do  not  exceed  90  feet.  No.  6  wire  is  safe, 
but  above  that  distance  No.  4  is  as  small  as  should  be  used  to  be 
'considered  safe. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 


Number  10  B.  &  S.  gauge.  S.  R.  Inch. 

Number  6  is  mechanically  safe  if  no  trees  are  encountered, 
and  if  bad  trees  are  encountered  nothing  smaller  than  No.  i 
should  be  used  for  important  primary  circuits.  In  many  cities 
no  wire  smaller  than  No.  4  is  ever  used  for  primary  circuits. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

We  think  the  smallest  size  of  weatherproof  wire  to  use 
for  an  overhead  city  line  is  No.  6.  Smaller,  of  course,  can  be 
used,  but  taking  into  consideration  all  conditions  of  weather,  if 
a  size  smaller  is  used  the  chances  of  open  circuits  and  broken 
wires  are  so  materially  increased  as  to  more  than  offset  the 
small  saving  that  their  use  might  effect  on  first  installation. 

F.  G.  Proutt. 

Number  6  B.  &  S.  is  about  the  limit,  but  No.  4  is  better 
for  high-tension  lines.  M.  P.  R.,  N.  Y.  Ed.  Co. 

Number  4  B.  &  S.  weatherproof  wire.  Some  people  think 
that  No.  6  is  all  right  for  this  purpose. 

W.  T.  M.,  N.  Y.  Ed.  Co. 

Number  8  is  the  smallest  wire  that  should  be  used  for  over- 
head lines.  E.  F.  McCabe. 

Number  6  for  long  lines  and  No.  10  for  short  lines. 

Augusta  Ry.  and  Elec.  Co. 
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P  13.  What  factors  should  determine  the  sise  and  numbers 
of  feeders  to  be  installed? 

The  number  of  feeders  required  to  deliver  the  load  of  the 
station  to  the  distributing  network  depends  both  upon  the  amount 
of  the  load  and  on  its  relative  distribution  through  the  territory 
supplied.  A  sufficient  ntmiber  of  feeders  must  be  installed  to 
make  it  possible  to  distribute  from  the  centre  of  distribution  to 
the  most  distant  customers  without  more  than  two  per  cent  drop 
in  the  mains.  In  a  district  where  the  load  is  scattered,  this  will 
result  in  rather  more  feeders  for  a  given  load  than  would  be 
necessary  in  feeding  load  in  a  business  district,  where  the  dis- 
tances to  be  covered  by  the  primary  mains  are  so  small  that 
the  feeders  can  be  loaded  much  more  heavily. 

From  the  standpoint  of  interruption  of  service  it  is  not 
advisable  to  load  single-phase  feeders  above  150  kilowatts,  as 
the  blowing  of  a  fuse  interrupts  the  service  of  too  many  cus- 
tomers. On  feeders  supplying  widely  distributed  load  it  is  often 
not  possible  to  carry  more  than  100  kilowatts  with  good  distri- 
bution of  pressure  on  the  mains. 

The  most  economical  size  of  wire  to  be  used  for  a  feeder 
that  is  to  carry  a  given  maximum  load,  is  that  for  which  the 
sum  of  the  copper  losses,  plus  the  fixed  charges  on  the  value  of 
the  feeder,  plus  fixed  charges  on  the  value  of  the  station  equip*- 
ment  required  to  supply  the  feeder  losses  at  maximum  load,  is 
a  minimum.  H.  B.  Gear. 

Number  of  centres  of  distribution  and  the  size  should  be 
figured  from  the  possible  amperage  and  distance. 

A.  Peters. 

Distance  and  load ;  200  kilowatts  being  enough  for  2200-volt 
circuit.  W.  H.  Greenslit. 

The  two  factors  are  the  cost  of  power  lost  in  drop  and  the 
expense  of  maintaining  the  feeders. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

The  load  and  the  distance  to  be  transmitted. 

Herbert  E.  Bragdon. 
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Load,  distance  and  power  factor,  allowing  liberal  margin  for 
increase  of  business.  G.  Wilbur  Hubley. 


The  kind  of  load  to  be  carried,  whether  motors  or  lights, 
that  is,  the  feeders  must  be  of  such  a  size  as  to  handle  properly 
all  fluctuations  in  load  without  exceeding  the  specified  drop  allow- 
able. The  ntunber  of  feeders  should  be  governed  by  same  factor 
and  also  by  the  percentage  of  loss  that  a  company  is  willing  to 
stand  yearly  as  an  interest  charge  against  its  investment. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

First,  the  area  to  be  supplied  by  a  single  feeder  should  be 
sufficiently  limited  to  enable  a  reasonably  uniform  voltage  to 
be  maintained  over  the  whole  of  it.  The  maximum  advisable 
size  for  an  alternating  lighting  feeder  is  usually  limited  by  the 
increased  reactance  loss  to  from  No.  o  to  No.  0000  for  60-cycIe 
systems.  The  maximum  current  per  feeder  is  limited  by  allow- 
ing from  10  to  20  per  cent  maximum  loss  of  voltage. 

The  Seattle  Elec.  Co. 

Amount  of  business  to  be  taken  care  of,  permissable  line 
loss,  probability  of  future  business,  and  cost  of  feeders. 

W.  G.  Carlton. 

The  size  and  number  of  feeders  to  be  installed  in  any  elec- 
trical system  of  distribution  should  be  governed  by  the  old 
saying:  "Do  not  put  too  many  eggs  in  one  basket."  About  100 
kilowatts  of  load  is  as  much  as  should  be  carried  on  any  single 
set  of  feeders.  F.  G.  Proutt. 

P  14.  What  is  the  advisability  of  dividing  overhead  line 
into  sections  by  switches  located  in  various  districts? 

We  find  it  advisable,  since  it  makes  it  easier  to  locate  trouble 
and  also  permits  us  to  operate  the  larger  part  of  any  circuit 
that  may  be  in  trouble  until  the  same  can  be  repaired. 

In  dividing  up  a  system  in  which  the  neutral  is  grounded 
it  is  unnecessary  and  indeed  inadvisable  to  open  the  neutral  wire 
at  such  points.  S.  R.  Inch. 
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This  is  usually  an  unnecessary  complication/ but  is  some- 
times desirable  in  special  cases.  M.  P.  R.,  N.  Y.  Ed.  Co. 

It  makes  it  very  convenient  to  cut  out  any  section  for  repairs, 
or  in  case  of  a  fire  it  saves  cutting  the  wires  or  shutting  down 
the  plant.  Porcelain-plug  junction  boxes  make  the  best  switches 
for  alternating-current  work.  F.  W.  Bullock. 

This  is  a  good  idea  and  assists  us  in  rapidly  locating  trouble. 

Augusta  Ry.  and  Elec.  Co. 

That  they  may  be  disconnected  from  main  lines  in  case  of 
fires  or  accidents  to  lines.  W.  H.  Greenslit. 

A  circuit  divided  into  sections  has  a  twofold  advantage. 
First,  only  one  section  will  be  out  of  service  while  trouble  is  being 
located;  second  only  one  section  has  to  be  gone  over  to  locate 
the  trouble.  W.  L.  Sees. 

Useful  in  cases  of  fire  or  repairs.  If  oil  switches  are  used 
tfiey  have  the  advantage  of  being  able  to  open  under  load. 

W.  H.  C. 

The  switching  plan  is  found,  occasionally,  to  be  very  con- 
venient in  case  of  fire  or  serious  trouble. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester,  Pa. 

We  find  that  the  installation  of  cutting-out  switches  on 
various  sections  of  both  our  transmission  line  and  our  2300-volt 
distribution  system  increases  the  reliability  of  our  service  as  sec- 
tions on  which  troubles  show  may  be  cut  out  until  repaired  with- 
out affecting  the  operation  of  the  rest  of  the  system.  Cutting-out 
switches  are  very  convenient  to  power  stations  giving  24-hour 
service  in  case  extensive  repairs  or  extensions  are  to  be  made, 
in  which  case  the  circuits  on  which  the  work  is  to  be  done  can 
be  killed  during  working  hours.  F.  N.  Averill. 

To  furnish  an  easy  method  of  cutting  dead  a  small  part  of 
a  circuit,  for  necessary  repairs,  trouble,  or  cutting  in  new  con- 
struction on  to  old  lines.  E.  A.  Vaughan. 
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It  is  a  very  good  proposition  to  divide  overhead  lines  into 
sections.  Switches  ought  not  to  be  used,  however;  a  Noark 
junction  box  would  be  a  better  proposition. 

H.  J.  Meyer. 

For  trolley  system  only.  W.  W.  Titzell. 

It  is  advisable,  if  only  for  the  easy  locating  of  grounds. 

A.  R.  MacKinnon. 

In  case  of  trouble  it  allows  part  of  the  circuits  to  be  cut  out 
for  repairs,  keeping  the  rest  working,  thereby  stopping  only 
part  of  the  service.  Herbert  E.  Bragdon. 

Do  not  consider  it  good  practice.  G.  Wilbur  Hubley. 

It  is  not  advisable  to  divide  overhead  lines  into  sections  by 
switches  located  in  various  districts,  because  it  invites  the  possi- 
bility of  interrupting  continuous  24-hour  service  to  your  cus- 
tomers. Douglass  Burnett. 

Series  arc  lines  can  be  divided  to  advantage  by  switches 
located  in  various  districts.  The  benefit  derived  is,  in  case  of  a 
bad  fire  or  open  circuit  in  any  district,  the  switch  for  same 
can  be  closed,  thus  cutting  out  the  aflfected  piece  of  line 
and  closing  the  remainder  of  the  circuit.  Incandescent 
lines  can  also  be  divided  to  advantage  in  some  places,  for  the 
same  reasons  as  arc  lines,  but  the  advantage  will  not  be  so  great, 
owing  to  open  circuits  being  less  frequent. 

A.  M.  Cover. 

P  16.  Can  not  onr  overhead  lines  be  made  more  reliable 
by  increasing  the  spacing  and  sags  where  space  is  available  f 

Lines  could  be  made  more  reliable  by  increased  spacing, 
but  better  results  could  be  obtained  by  decreasing  the  length  of 
spans  where  that  is  possible.  W.  L.  Sees. 

Yes,  by  increasing  the  spacings  but  not  the  sag. 

J.  F  C. 
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No.  W.  H.  Greenslit. 

I  think  not.  F.  C.  S.,  Malden  Elec.  Co. 

Yes. 

The  Edison  Elec.  Ill'g  Co.  of  West  Chester^  Pa. 

No.  G.  H.  CUSHMAN. 

Decidedly  not.  Herbert  E.  Bragdon. 

They  can  be  made  safer,  as  well  as  more  easily  worked. 

Augusta  Ry.  and  Elec.  Co. 

P  16.  What  is  the  best  distance  apart  for  wires  on  2200- 
▼olt  circuits  where  circuits  are  in  nse  24  hours  per  dayf 

Forty  inches  at  pole;  14  inches  between  pins. 

W.   W.   TiTZELL. 

In  the  writer's  judgment  the  two  pins  nearest  pole  (one  on 
either  side  of  pole)  should  be  24  inches  apart,  and  from  there 
out  12  inches  between  pins  is  sufficient.  J.  F.  C. 

Place  pole  pins  24  inches  centre  to  centre,  then  outer  pins 
12  inches.  A.  Peters. 

Not  less  than  two  feet.  W.  H.  Greenslit. 

Depends  on  spacing  of  poles,  but  wire  should  run  on  adjoin- 
ing pins.  W.  H.  C. 

We  use  a  cross-arm  with  13  inches  between  pins  and  26 
inches  between  pole  pins.  J.  W.  Cartwright,  Jr. 

Ten  to  12  inches. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 
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This  depends  entirely  upon  the  method  of  construction. 
Some  companies  run  both  wires  of  the  feeder  on  the  same 
side  of  the  arm,  i,  e,,  on  a  six-pin  arm,  using  the  end  pin  and 
middle  pin  or  the  middle  pin  and  pole  pin  on  one  side  of  the  arm ; 
other  c(^npanies,  which  the  writer  thinks  is  the  general  prac- 
tice, run  lighting  feeders  on  the  pole  pins  or  middle  pin  of  each 
side  of  the  arm.  In  the  first  case  it  does  not  make  a  great  deal 
of  difference  what  distance  apart  these  wires  are.  The  usual 
distance  is  about  a  minimum  of  14  inches,  but  if  they  are  run  in 
the  latter  way,  the  minimtun  distance  between  pole  pins  should 
be  30  inches  so  these  wires  necessarily  will  be  30  inches  apart. 
This  practice  is  maintained  for  the  sake  of  safety  in  working  on 
wires.  F.  C.  S.,  Malden  Elec.  Co. 

About  18  inches  apart  with  slack  well  pulled  up.  The 
tighter,  the  better.  Herbert  E.  Bragdon. 

We  have  good  results  from  2300-volt  circuit  wires,  12  inches 
apart.  E.  J.  Bechtel. 

Fourteen  to  16  inches  and  a  space  of  22  inches  at  the  pole. 
This  space  is  for  the  linemen  to  ascend  between  the  wires.  This 
space  is  found  to  be  good  practice  in  line  construction. 

C  W.  KOINBR. 

Thirteen  inches.  G.  H.  Cushman. 

Not  less  than  four  feet  apart,  as  this  leaves  room  for  work- 
men to  do  necessary  work  on  poles  where  wires  are  in  use.  This 
refers  only  to  the  space  between  wires  adjacent  to  poles. 

A.  M.  Cover. 

Twelve  inches  is  sufficient. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

One  foot  for  outside  wires,  and  21  inches  for  wires  next 
to  the  pole.  M.  P.  R.,  N.  Y.  Ed.  Co. 

P  17.  Would  it  be  advisable  to  tie  high-potential  wires 
with  iron  tie  wires? 
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No,  and  emphatically  no,  if  the  iron  wire  is  bare. 

J.  F.  C 

No.  W.  H.  Greenslit. 

No ;  it  would  cause  local  electrolytic  action  to  result. 

G.  Wilbur  Hubley. 

No.  Tie  wires  of  the  same  material  as  the  line  should 
always  be  used,  in  order  to  prevent  local  action  between  the 

tie  wire  and  line  wire. 

The  Edison  Elec.  Ill^g   Co.  of  Boston. 

Do  not  consider  it  advisable  to  tie  high-potential  wires  with 
iron  tie  wires — First,  unless  well  galvanized  they  would  rust 
out  very  rapidly  and  at  the  same  time  destroy  the  insulation  on 
the  line  wire.  Second,  they  would  cut  into  the  insulation,  thereby 
becoming  a  source  of  danger  to  linemen  working  on  the  pole. 

A.  C.  Greenman. 

No.  W.  W.  Titzell. 

No,  with  a  large  N.  Herbert  E.-Bragdon. 

No  objection  if  tied  in  such  a  way  that  two  dissimilar  metals 
do  not  come  in  actual  contact.  W.  H.  C. 

No.  F.  C.  S.,  Malden  Elec.  Co. 

In  no  case  is  it  advisable  to  tie  copper  wire  with  iron  ties. 
You  will  invariably  find  that  your  linemen  will  mark  the  copper 
with  the  iron  ties,  in  which  case  you  will  be  very  likely  to  have 
shut-downs  occasioned  by  broken  wires. 

F.  N.  AVERILL. 

No.  Iron  tie  wires  would  act  as  choke  coils  and  would 
probably  cause  lightning  to  discharge  through  insulators  and 
poles  instead  of  following  the  line  to  the  lightning  arresters. 

J.   F.   DOSTAL. 
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No.  Iron  is  more  likely  to  break  in  wrapping  than  is  cop^r, 
and  rusts  away  in  a  short  time.  M.  P.  R.,  N.  Y.  Ed.  Co. 

Iron  wires  would  probably  be  put  on  tight  enough  to  cut 
the  insulation  on  the  copper  wire. 

Augusta  Ry.  and  Elec.  Co. 

P  18.  Are  best  results  obtamed  by  fitting  of  pins  in  cross- 
arms  in  store-room,  where  painting  shank  of  pin  with  white 
lead  and  fastening  pin  with  a  galvanized  nail  is  easily  done, 
or  by  leaving  this  fitting  to  linemen  and  not  leading  shank 
of  pinf 

By  fitting  pins  in  store-room.  W.  H.  Greenslit. 

We  consider  it  good  practice  to  fit  lead  and  fasten  such 
pins  as  we  expect  to  use  soon,  but  the  pin-holes  that  we  do  not 
have  immediate  use  for  we  leave  open.  J.  F.  C. 

Think  best  results  are  obtained. by  fitting  cross-arms  with 
pins  and  braces  in  the  store-room.  A.  C.  Greenman. 

We  always  pin  all  our  arms  in  the  store-room  at  the  time 
of  painting  same.  The  pins  are  dipped  in  the  paint  that  is  used 
to  paint  arms  with  and  driven  in  the  pin-holes  and  fastened 
with  a  wire  nail.  This  is,  of  course,  on  new  material;  where  a 
pin  is  to  be  replaced  on  the  line,  it  is  done  without  removing 
arm.  F.  C.  S.,  Malden  Elec.  Co. 

The  best  results  are  obtained  by  painting  shank  of  pin  and 
then  painting  around  pin  after  it  is  in  place,  to  keep  the  water 
out.  F.  H.  Ketchem. 

The  best  results  are  obtained  by  fitting  the  pins  in  the 
store-room,  if  it  can  be  done.  However,  there  should  be  no 
difficulty  in  doing  this  work  on  the  ground. 

C.  W.  KOINER. 

In  our  experience  the  best  results  have  been  obtained  by 
putting  pins  in  cross-arms  in  the  store-room,  as  without  some 
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kind  of  paint  coating  the  pins  rot  rapidly  and  if  there  is  a  slight 
lifting  strain,  the  pins  will  pull  out,  unless  nailed  in,  and  cause 
trouble.  E.  A.  Vaughan. 

Paint  arms  with  one  coat  of  good  lead  paint  before  priming. 
After  thoroughly  dry  dip  pins  in  paint  before  driving  in  hole.  Use 
short  wire  nail.  Give  arm  finishing  coat;  paint  thoroughly 
around  shoulder  of  pin,  using  boiled  linseed  oil. 

D.  Clinton  Shain. 

In  store-room.  Fred  B.  Sharpe. 

This  work  should  be  done  in  the  store-room  by  linemen  dur- 
ing weather  when  they  can  not  work  outside. 

W.  W.  TiTZELL. 

The  best  results  are  obtained  by  fitting  cross-arms  in  store- 
room. In  case  linemen  are  on  the  monthly  pay-roll,  it  will  cost 
practically  nothing  to  fit  up  the  cross-arms  in  the  store-room  on 
days  when  the  weather  will  not  permit  line  work  to  be  done. 
Linemen  can  not  be  depended  upon  to  fit  up  cross-arms  properly 
when  on  the  line  work,  because  they  do  not  carry  all  the  material 
and  tools  to  fit  the  pins  and  arms  properly. 

Paul  F.  Williams. 

A  locust  pin  will  last  much  longer  than  a  cross-arm,  so  I 
see  nothing  gained  in  painting  shank.  But  all  pins  should  be 
nailed  in.  Herbert  K  Bragdon. 

To  prepare  cross-arms  in  advance  and  properly  fit  pins,. 
et  ccptera,  is  desirable.  G.  Wilbur  Hubley. 

Fitting  up  in  store-room.  H.  Bottomley. 

Arms  should  be  fitted  up  in  store-room,  but  it  is  questionable 
whether  there  is  anything  gained  by  leading  shank  of  pin. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

We  fit  pin  and  cross-arm  on  the  line  and  dip  it  before  put- 
ting it  in.  Augusta  Ry.  and  Elec.  Co. 

V.  2—16 
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P  19.  (a)  What  is  best  to  do  with  overhead  high-tension 
altemating-cnrrent  lines  where  line  passes  through  a  good  many 
trees  and  trimming  is  objected  to?  (b)  Is  there  any  satisfactory 
tree  insulator  in  use? 

We  get  very  good  results  from  a  home-made  tree  insulator, 
consisting  of  a  wooden  batten  made  in  two  halves  of  one-inch 
b>'  two-inch  seasoned  oak  with  comers  chamfered  on  one  side, 
and  a  half-inch  plow  one- fourth-inch  deep  on  the  other  side, 
given  two  good  coats  of  paint.  We  get  these  made  in  twelve- 
foot  lengths,  and  cut  them  in  pairs  of  various  lengths  to  fit 
the  requirements.  If  it  is  possible  to  get  up  the  tree  they  can 
be  put  on  line  wires  without  interfering  with  service,  by  binding 
the  two  halves  together  with  scrap  magnet  wire,  and  anchoring 
it  on  wire  with  insulating  tape.  J.  F.  C. 

Raise  lines  above  trees.  W.  H.  Greenslit. 

We  have  not  been  able  to  find  a  satisfactory  tree  insulator. 
Where  it  is  impossible  to  trim  trees  we  have  raised  or  shifted 
wires  to  get  clearance.  In  a  few  cases  it  has  been  found  nec- 
essary to  leave  the  trimming  to  the  live  wire. 

W.  L.  Sees. 

There  are  several  good  insulators  on  the  market  that  are 
very  satisfactory  for  2000  to  3000-volt  service. 

F.  C.  S.,  Malden  Elec.  Co. 

Use  a  tree  insulator  whose  insulation  is  equal  to  that  of 
any  insulator  on  the  line  in  all  kinds  of  weather.  I  think  there 
are  one  or  two  types  that  fill  the  bill  where  the  size  of  limb 
admits  of  its  installation.  W.  H.  C. 

• 

It  is  better  to  go  above  or  under  the  limbs  of  the  trees.  It 
is  better  to  go  above  the  trees  with  high-tension  lines.  In  no 
case  should  high-tension  lines  be  fastened  to  tree  limbs  with  tree 
insulators,  as  it  is  only  a  makeshift  and  will  eventually  give 
trouble.  If  the  wires  can  not  be  run  above  the  trees  they  should 
go  under  the  lower  limbs  and  the  limbs  should  be  cut  off  for  a 
distance  of  four  or  five  feet  from  wires ;  but  it  is  better  to  build 
lines  away  from  trees  is  possible.  C.  W.  Koiner. 
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Use  rubber-covered  wire,  braided,  and  high  poles.  There 
should  not  be  much  trouble  in  turning  the  average  tree  if  wires 
are  40  or  50  feet  above  sidewalk.  D.  Clinton  Shain. 

Use  long  arms,  good  tree  cable  and  wooden  sleeves  treated 
with  paraffin.  W.  W.  Titzell. 

Use  wire  with  three-thirty-seconds-inch  rubber  wall  and 
triple-braid  cover,  and  where  same  comes  in  contact  with  tree 
limbs  large  enough  to  wear  the  insulation,  cover  with  wooden 
moulding.  Warren  Partridge. 

•  There  is  no  tree  insulator  that  is  entirely  satisfactory.  The 
only  method  that  will  give  good  results  is  to  trim  trees  and  clear 
lines  entirely.  G.  Wilbur  Hubley. 

If  you  can  not  raise  wires  without  great  expense,  we  know 
of  but  one  other  thing  to  do.  Put  up  a  nice  talk  to  the  owners  of 
trees;  tell  them  that  swaying  will  cause  them  to  make  contact 
with  wires,  and  result  in  their  being  killed;  that  you  are  too  much 
an  admirer  of  trees  to  wish  to  see  them  destroyed,  and  would 
like  their  permission  to  carefully  trim  the  tops  sufficiently  to 
remove  all  danger.  If  you  can  get  one  or  two  parties  to  grant 
this  request,  have  a  competent  man  do  the  trimming,  and  then 
your  difficulty  is  half  over  with  the  other  owners. 

Chas.  tt.  Peters. 

Tree  insulators  are  worthless;  use  tree  wire  for  distributing 
circuits.  For  extra  high-potential  lines,  buy  the  trees  Jlnd  cut 
them  down  or  go  above  them.  J.  T.  Cowling. 

Avoid  the  neighborhood ;  or  get  permission  to  clip  the  trees 
to  an  extent  satisfactory  to  yourselves. 

Douglass  Burnett. 

Use  high  poles  and  run  wires  above  the  trees ;  or  better  still, 
move  line  and  go  around  trees.     There  is  no  satisfactory  tree 
insulator  now  made,  and  owing  to  movement  of  trees,  and  the' 
amount  of  water  on  same  in  wet,  stormy  weather,  none  can 
be  safelv  used.  A.  M.  Cover. 
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We  have  used  Brodie  tree  insulators  with  perfect  satis- 
faction. The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

It  is  better  to  pass  around  or  over  trees,  as  we  find  this  the 
only  sure  remedy  for  grounds  on  trees. 

Augusta  Ry.  and  Elec.  Co. 

(a)  A  special  tree  wire  with  rubber  core  and  three  or  four 
extra  strong  braids,  is  fairly  satisfactory  up  to  2200  volts,  (b) 
There  is  no  really  good  tree  insulator  in  use. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

P  20.  Are  there  any  insulator  troubles  on  alternating-cur- 
rent lighting  circuits  of  2200  to  3000  volts ;  on  series  alternating- 
current  lighting  circuits  up  to  7200  or  8000  volts  t 

Not  to  the  writer's  knowledge. 

F.  C.  S.,  Malden  Elec.  Co. 

There  should  be  no  trouble  from  insultors  for  the  voltage 
named  above,  as  triple-petticoat  glass  insulators  that  will  stand 
10,000  volts  can  be  purchased  at  from  seven  to  seven  and  a  half 
cents  each.  C.  W.  Koiner. 

I  have  trouble  in  wet  weather  with  2200-volt  and  6000-volt 
lines,  caused  by  leakage  over  the  glass. 

F.  H.  Ketchem. 

No.  J.   F.  DOSTAL. 

Practically  none  with  good  double-petticoat  insulators. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

P  21.  Is  it  practicable  to  run  a  telephone  line  on  the  same 
poles  with  2300-volt  lighting  circuits  within  two  feet  of  the 
other  wires T  If  so,  how  often  should  such  a  line  be  transposed? 
How  often  when  on  the  same  poles  with  a  500-yolt  direct-current 
circuit  t 

No.  W.  H.  Greenslit. 
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Yes;  transpose  about  every  five  poles. 

E.  W.  GOUGH. 

It  is  practicable,  but  not  good  practice.  The  writer  is 
familiar  with  a  great  amount  of  this  kind  of  construction  which 
seems  to  cause  no  trouble  with  the  telephone  service. 

F.  C.  S.,  Malden  Elec.  Co. 

Good  results  are  obtained  on  two  diflferent  telephone  lines 
run  on  poles  with  lighting  circuits,  one  line  being  transposed 
every  1200  feet  and  the  other  line  every  2500  feel. 

W.  L.  Sees. 

A  telephone  line  can  be  run  on  the  same  poles  with  a  2300- 
volt  lighting  circuit  two  feet  from  same  if  the  wires  are  trans- 
posed about  five  times  per  mile.    This,  I  find,  gives  good  service. 

H.  P.  Woods. 

We  have  an  eight-mile  telephone  line  on  the  same  poles  with 
a  6000- volt  line;  some  of  the  way  it  is  on  brackets  on  the  end 
of  the  pole,  some  of  the  way  on  the  same  cross-arms,  using  a  six- 
pin  arm  and  four  lighting  wires  and  two  telephone  wires.  I  trans- 
pose every  five  poles,  but  care  must  be  taken  in  transposing  to 
carry  the  wires  around  the  same  way,  so  that  one  will  be  wound 
around  the  other  in  following  the  line.  F.  H.  Ketchem. 

It  is  common  practice  to  run  a  telephone  line  on  the  same 
poles  with  a  2300-volt  line.  Two  feet  is  closer  than  is  ordi- 
narily run,  but  is  allowable.  The  line  should  be  transposed  about 
every  half  mile.  The  same  transposition  will  do  if  it  is  placed 
in  proximity  with  the  500-volt  line,  but  the  induction  of  a  direct 
current  is  negligible.  H.  J.  Meyer. 

Telephone  lines  should  not  be  run  closer  than  six  feet,  to 
a  high-tension  line,  and  more  distance  should  be  allowed  if 
possible.  The  telephone  line  must  be  full  metallic  and  should  be 
transposed  every  600  feet. 

The  same  rule  applies  to  500-volt  direct-current  lines  and 
telephones.  A.  M.  Cover. 
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We  have  telephone  circuits  within  two  feet  of  several  of 
our  2300-volt  lines  and  have  heard  of  no  annoyance  resulting 
therefrom  to  the  telephone  company. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

On  2300-volt  lighting  circuit  a  twisted  pair  would  prob- 
ably be  the  only  way  of  giving  satisfaction  within  two  feet 
of  the  line.  Transposing  every  five  poles  on  500  volts  ought  to 
be  satisfactory.  Augusta  Ry.  and  Elec.  Co. 

Yes,  if  2300-volt  constant-potential  circuits  and  ordinary 
city  work,  where  the  two  sets  of  wires  do  not  run  a  long  dis- 
tance together.  Can  not  answer  for  a  line  of  several  miles  in 
one  stretch.  Alex.  J.  Campbell. 

P  22.  Is  it  possible  for  telegraph  wires  to  be  affected  in 
any  way  by  direct-cnrrent  mains  (3-wire)  at  a  distance  of  two 
feett 

It  is  not  probable.  W.  H.  Greenslit. 

No.  Fred  B.  Sharpe. 

Do  not  think  it  would  cause  any  annoyance. 

J.  F.  Dostal. 

Not  unless  they  came  in  contact  with  the  direct-current 
wires,  as  the  direct-current  svstem  will  cause  no  induction. 

A.  M.  Cover. 

Never  heard  of  its  happening. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

P  23.  How  shall  we  get  rid  of  the  effects  of  induction  on 
onr  telephone  wires  on  cross-arms  two  feet  under  our  11,000- 
Yolt  13-mile  transmission  wires? 

Transpose  the  wires  four  times  per  mile.       J.  F.  Dostal. 
By  frequent  transposition.  W.  H.  Greenslit. 
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If  your  telephone  circuit  is  of  metallic  construction,  on  good 
insulators,  transposed  evenly  and  often,  and  absolutely  free  from 
even  slight  grounds,  you  should  have  no  trouble  with  it.  The 
smallest  branches  of  trees  touching  your  telephone  line  will 
ground  it  sufficiently  to  make  it  noisy. 

We  are  operating  a  20-mile  telephone  line  constructed  as 
above,  on  the  same  poles  as  our  22,500-volt  line  and  it  is  clear 
as  a  bell.  F.  N.  Avertll. 

Telephone  line  should  be  dropped  down  about  10  feet  below 
high-tension  wires,  or  as  far  as  possible,  and  should  be  trans- 
posed every  fifth  or  sixth  pole.  H.  N.  Crandall. 

Transpose.  Fred  B.  Sharpe. 

Transpositions  of  the  telephone  wires  at  uniform  distances 
of  half  a  mile  would  probably  make  the  induction  effects  referred 
to  small  enough  to  be  overlooked.  Dugald  C.  Jackson. 

Lower  the  telephone  wires  to  make  a  separation  of  at  least 
six  feet  from  the  11, 000- volt  lines,  and  transpose  the  telephone 
wires  every  600  feet.  A.  M.  Cover. 

If  the  telephone  wires  be  a  twisted  pair,  place  them  in  the 
same  plane  with  the  high-tension  mains  and  to  one  side  of  these 
mains,  never  between  them,  and  about  two  feet  away  if  possible. 
By  running  the  high-tension  line  on  one  side  of  a  cross-arm 
and  the  twisted  pair  on  the  extreme  other  end  of  the  cross-arm, 
no  induction  will  be  detected. 

Where  the  high-tension  line  occupied  both  sides  of  a  cross- 
arm  and  could  not  be  moved,  perfect  satisfaction  was  obtained 
by  running  the  twisted  pair  of  telephone  wires  on  the  end  of 
the  cross-arm  below.  They  had  previously  been  on  this  cross- 
arm  nearer  the  pole,  and  the  noise  necessitated  the  change. 

Another  scheme,  when  a  twisted  pair  is  not  in  use,  is  to 
run  the  telephone  wire  six  feet  below  the  power  line  on  insu- 
lators fastened  to  either  side  of  the  pole  itself.  Transpose  the 
wires  every  quarter  of  a  mile  and  satisfactory  results  will  obtam. 

C  W.  R.,  N.  Y.  Ed.  Co. 
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It  is  unsafe  to  run  telephone  lines  within  two  feet  of  11,000- 
volt  transmission  lines,  as  there  will  be  a  too  high  potential 
induced  between  the  ground  and  the  telephone. 

Augusta  Ry.  and  Elec.  Co. 


P  24.  When  two  lighting  companies  are  required  to  make 
joint  use  of  certain  poles,  each  having  2200-volt  primary  alter- 
nating-current lines  and  220-volt  secondary  lines,  which  of  the 
following  arrangements  of  the  wires  is  the  safer?  (a)  A  sone 
at  the  top  of  the  pole  for  the  high-pressure  wires  of  one  com- 
pany, followed  immediately  beneath  by  the  sone  for  the  high- 
pressure  wires  of  the  second  company,  the  low-pressure  of  the 
wires  of  the  first  company  being  then  placed  in  a  zone  beneath 
the  high-pressure  of  the  second  company,  followed  in  their  turn 
by  the  low-pressure  wires  of  the  second  company;  or  (b)  high- 
pressure  wires  of  first  company  at  top  of  pole,  followed  beneath 
by  zone  for  low-pressure  wires  of  this  company,  then  by  zone 
for  high-pressure  wires  of  second  company,  and  finally  by  the 
low-pressure  wires  of  second  company. 

It  is  the  writer's  opinion  that  the  second  arrangement  of 
wires  would  be  safer,  as  well  as  more  desirable  to  the  parties 
concerned,  notwithstanding  the  fact  that  the  company  occupying 
the  upper  zone  would  be  at  a  little  additional  expense  to  properly 
msulate  its  service  wires  where  they  drop  through  the  lower 
company's  primary  wires.  As  to  which  company  would  occupy 
the  lower  or  higher  zone,  that  would  be  decided  by  the  height  of 
ihe  different  companies'  poles  leading  to  or  from  such  joint  poles. 

J.  F.  C. 

All  high-pressure  wires  should  be  placed  at  top. 

W.  H.  Greenslit. 

It  would  seem  as  if  there  could  be  but  one  answer  to  this 
question,  t.  e,,  high-tension  wires  of  first  company  followed  by 
their  own  low-tension  wires,  high-tension  wires  of  second  com- 
pany with  their  own  low-tension  wires  beneath.  By  this  arrange- 
ment the  linemen  have  only  to  take  care  of  the  high-tension  wires 
about  which  they  are  working.  W.  L.  K. 
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In  the  first  arrangement  any  transformer  taps  would  be  run 
through  the  other  company's  wires.  The  second  arrangement 
would  be  much  better,  because  it  groups  each  company's  wires 
together,  and  by  leaving  a  vacant  gain  between  groups,  ample 
clearance  could  be  had.  W.  L.  Sees. 


Would  prefer  second  method.  G.  H.  Cushman. 

Arrangement  (a).  Harry  M.  Hope. 

High-pressure  wires  of  both  companies  should  occupy  top 
arms.  W.  W.  Titzell. 

Would  suggest  that  both  companies  use  the  same  cross- 
arms  with  high-pressure  lines  above  and  low-pressure  below,  one 
company  using,  say,  the  north  and  east  sides  of  poles  and  the 
other  the  south  and  west.  J.  F.  Dostal. 


The  first  arrangement  is  safer  and  preferable. 

G.  Wilbur  Hubley. 


Place  the  high-tension  wires  of  both  companies  above  aU 
secondary  wires.  F.  Ellwood  Smith. 

Under  the  conditions  noted  we  should  think  it  advisable 
for  the  two  companies  to  take  two  sides  of  the  pole,  each 
putting  its  high-tension  lines  on  top  and  reducing  the  pressure 
as  it  comes  down  to  the  bottom. 

Augusta  Ry.  and  Elec.  Co. 

« 

Where  two  companies  distributing  electric  light  and  power 
use  the  same  poles,  the  method  marked  (a)  in  the  question  is 
by  all  means  preferable.  F.  G.  Proutt. 

All  low-tension  wires  should  be  under  all  high-tension  wires. 

M.  P.  R.,  N.  Y.  Ed.  Co. 
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P  2S.  Sef erring  to  Clau  ''B/'  rules  of  National  Board  of 
Fire  Underwriters,  Section  C,  stating  that  service  wires  must 
be  at  least  seven  feet  above  highest  point  of  flat  roofs,  should 
this  apply  to  an  Edison  three-wire  system  with  500  volts  between 
outside  wires?  Should  not  service  wires  at  this  low  voltage  be 
exempt  from  this  ruling  and  a  lesser  amount  than  seven  feet 
be  approved? 

No  wires  that  will  not  clear  a  man's  head  should  be  allowed 
on  a  roof,  as  they  are  always  liable  to  be  the  cause  of  an  accident 
in  the  dark.    They  are  especially  dangerous  to  firemen. 

W.  L.  Sees. 

'  Service  wires  should  not  be  exempt  from  this  ruling,  because 
the  intent  of  the  rule  is  to  give  head  room  between  wire  and  roof. 
The  element  of  danger  from  shocks  is  secondary  to  that  of  ob- 
structing passage  over  roof.  Paul  F.  Williams. 

Mr.  J.  C.  Forsythe,  chief  inspector  of  the  New  York  Board 
of  Fire  Underwriters,  informs  me  that  this  rule  is  for  the  pro- 
tection of  firemen  and  applies  to  telephone,  telegraph,  electric 
and  all  other  wires.  W.  W.  Titzell. 

■ 

Less  than  seven  feet  always  permits  interference  for  which 
the  lighting  company  has  to  pay  expenses. 

Augusta  Ry.  and  Elec.  Co. 

P  26.  (a)  What  provisions  are  made  against  high-tension 
wires  falling  across  telephone,  telegraph  or  other  foreign  wires 
at  crossings?  (b)  What  is  the  approximate  cost  of  protecting 
one  crossing? 

Where  our  transmission  lines  cross  foreign  wires  we  place 
a  pole  as  close  as  possible  on  each  side  of  the  lead  we  are  crossing, 
and  of  such  a  height  as  will  make  the  clearance  of  our  wires 
above  the  lines  we  are  crossing,  one  and  one-third  times  the  span. 
These  poles  are  all  double-armed,  head-guyed  together  and  to 
the  next  pole  in  the  line  each  side  of  the  crossing.  This  head- 
guying  takes  all  strain  off  the  transmission  wires  and  if  they 
break  at  the  crossing  they  will  not  be  long  enough  to  reach  the 
foreign  lead.  F.  N.  Avertll. 
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Span  wires  over  telephone  wires.  Fred  B.  Sharpe. 

(a)  Have  in  service  150  patent  connectors.  These  con- 
nectors disconnect  the  wires  from  the  line  automatically  at  the 
time  the  wire  breaks  and  allows  the  broken  span  to  fall  to  the 
ground. 

(b)  The  cost  of  installing  these  connectors,  including  cost 
of  connector,  will  not  exceed  60  cents  per  wire. 

Paul  F.  Williams. 

(a)  A  pole  is  set  on  either  side  of  the  line  to  be  protected, 
of  sufficient  height  so  that  if  the  high-tension  line  breaks  between 
these  poles  the  ends  will  not  be  long  enough  to  reach  the  tele- 
phone line. 

(b)  The  additional  cost  approximates  $10  per  crossing. 

J.  F.  Dostal. 

P  27.  Where  high-voltage  lighting  wires  (2S00  to  6000 
volts),  telephone  wires  and  municipal  fire-alarm  wires  are  all 
on  one  set  of  poles,  should  the  telephone  and  fire-alarm  wires 
be  placed  above  or  below  lighting  lines?    Oive  reasons  for  opinion. 

• 

Telephone  and  fire-alarm  wires  should  always  be  placed 
below  lighting  lines,  since  they  are  much  more  likely  to  break 
and  fall  than  are  the  lighting  wires.  It  is  also  safer  for  linemen 
climbing  the  pole  to  have  the  lighting  wires  above,  since  it  is 
not  necessary  for  the  fire-alarm  and  telephone  linemen  to  come 
near  primary  wires  when  they  are  above.  A  clearance  of  four 
feet  should  be  maintained  between  the  lower  lighting  wires  and 
the  upper  telephone  wires,  if  possible.  H.  B.  Gear. 

High- voltage  transmission  lines  should  be  on  top  of  all  others, 
since  high-voltage  lines  are,  as  a  rule,  of  stronger  construction 
and  more  carefully  insulated.  Their  strength  makes  breakdown 
less  likely,  and  they  are  in  that  position  safer  from  contact  with 
other  wires  that  may  break.  Working  on  low-tension  circuits 
is  also  possible  without  exposing  the  linemen  to  contact  with 
high-voltage  lines.  J.  W.  Cartwright,  Jr. 
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As  a  rule  high-voltage  lines  are  mechanically  stronger  than 
telephone  or  fire-alarm  lines  and  are  less  liable  to  breaking,  hence 
they  should  be  put  at  the  top.  J.  F.  Dostal. 


Place  the  high-tension  lines  on  top,  because  when  it  is  neces- 
sary to  repair  the  telephone  and  fire-alarm  wires  a  man  does  not 
have  to  go  up  through  the  high-voltage  lines.  Also,  in  case  of 
three-phase  transmission,  the  top  of  the  pole  gives  better  oppor- 
tunity for  the  equal  legs  of  the  triangle.  G.  F.  Willard. 

Place  the  fire-alarm  wires  at  the  top  of  the  pole,  so  that  noth- 
ing can  interfere  with  them.  Place  the  telephone  wires  below 
the  electric-light  wires,  because  the  electric-light  wires  are  less 
liable  to  break  and  fall  on  the  telephone  wires  than  are  the  tele- 
phone wires  liable  to  break  and  fall  on  the  electric-light  wires; 
also,  because  by  this  arrangement  the  telephone  employees  do 
not  have  to  climb  up  through  the  high-potential  wires. 

F.  Ellwood  Smith. 


Telephone  and  fire-alarm  wires  should  be  below  lighting 
wires,  because  they  are  more  apt  to  break.  J.  T.  Cowling. 

The  fire-alarm  wires  should  be  on  the  top  of  the  pole,  as 
they  rarely  need  any  changing  and  workmen  need  not  work  as 
much  with  same  as  with  the  electric-light  wires;  they  should  be 
at  least  four  feet  above  the  electric-light  wires. 

The  telephone  wires  should  be  placed  six  feet  under  the 
electric-light  wires,  and  in  the  form  of  cable  instead  of  open  wires, 
as  same  will  be  very  heavy  if  many  telephone  wires  are  needed. 
This  also  gives  workmen  a  chance  to  work  on  either  the  electric- 
light  or  the  telephone  lines  without  coming  in  contact  with  other 
wires.  A.  M.  Cover. 

To  minimize  danger  from  broken  wires  coming  in  contact 
with  electric  wires,  fire-alarm  and  telephone  wires  should  always 
be  placed  under  high-voltage  wires;  the  breaking  of  the  former 
small-sized  wire  is  much  in  evidence  as  compared  to  the  break- 
ing of  electric  wires.  C.  C.  Gartland. 
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Telephone  and  fire-alarm  wires  should  be  below  high-tension 
wires,  because  the  latter  are  always  larger  and  less  likely  to 
break;  also  because  linemen  would  not  have  to  climb  througii 
high-tension  wires  to  reach  the  others. 

M.  P.  R.,  N.  Y.  Ed.  Co. 


The  high-voltage  lighting  wires  should  be  placed  above  all 
the  other  wires.  The  mechanical  strength  of  these  wires  is 
greater,  and  for  this  reason  they  should  be  placed  on  top,  other- 
wise the  weaker  wires  might  fall  across  the  high-potential  wires. 

W.  T.  M.,  N.  Y.  Ed.  Co. 

The  fire-alarm  and  telephone  should  be  below  the  high- 
voltage  wires,  because  of  fewer  breaks  taking  place  in  high- 
voltage  wires  on  account  of  size  of  same,  and  telephone  linemen 
not  familiar  with  high-voltage  service  should  not  pass  through 
said  lead  to  get  to  their  wires.  E.  A.  Bechstein. 

Locally,  we  prefer,  and  the  telephone  company  prefers,  to 
have  its  wires  on  top  and  ours  below.  Our  reasons  are  that  the 
lower  heavy  wires  are  placed,  the  less  strain  on  the  poles  and  the 
easier  the  wires  are  to  handle.  The  heavy  wires  are  more  diffi- 
cult to  stretch  taut,  and  the  sag  and  strain  may  allow  them  at 
times  to  touch  other  wires  placed  underneath  them. 

For  reasons  for  doing  the  other  way,  see  A.  V.  Abbott, 
Telephony,  Part  Four,  Aerial  Lines,  page  28,  et  seq. 

Alex.  J.  Campbell. 

Where  high-voltage  wires  and  fire-alarm  wires  run  on  the 
same  pole  I  would  advise  that  the  high-tension  lines  be  placed  on 
the  top  of  the  pole,  because  they  usually  consist  of  No.  o  wire 
and  are  less  liable  to  break  than  the  small  sizes.  Again,  the  fire- 
alarm  and  telephone  linemen  would  have  no  occasion  to  climb 
through  the  high-tension  lines  in  order  to  make  any  repairs. 

John  J.  Gaffney. 

P  28.  (a)  What  form  of  device  for  disconnecting  overhead 
wires  from  underground  cables  for  the  purpose  of  testing  has 
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been  found  safe  and  easy  to  handle?     (b)  Bo  you  consider  it 
advisable  to  place  suoh  devioe  on  cable  poles? 

Weatherproof  oil  switch  with  lead-sheathed  cable  made  into 
box  with  wiped  joint  and  aerial  wire  brought  out  through  sealed 
bushing.  May  be  operated  under  full  load  and  safely  installed 
on  any  pole.  W.  H.  C. 

For  lines  carrying  not  over  25  amperes,  standard  types  of 
porcelain  transformer  fuse  blocks  can  readily  be  placed  on  the 
terminal  poles,  so  that  overhead  and  underground  sections  can 
be  quickly  disconnected.  These  boxes  can  be  fused  if  desired^ 
or  fitted  with  copper  wire  and  used  simply  as  disconnecting  plugs. 

Warren  Partridge. 

It  is  considered  poor  practice  to  have  any  device,  except  a 
good  soldered  joint,  for  disconnecting  the  overhead  lines  frcMn 
the  underground  cable.  H.  J.  Meyer. 

(a)  I  use  a  knife  switch  and  find  it  very  satisfactory, 
(b)  Yes.  Herbert  E.  Bragdon. 

We  have  used  single-pole  knife  switches  at  points  where 
underground  cables  meet  the  overhead  wires.  These  switches^ 
are  thoroughly  insulated  and  located  in  the  manholes.  We  find 
them  very  useful  when  we  desire  to  locate  grounds  On  either 
the  overhead  or  underground  lines.        United  Elec.  Lt.  Co. 

Disconnecting  switches  placed  in  weatherproof  houses  on 
poles  have  been  found  satisfactory. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

In  connecting  underground  line  to  the  aerial  line  we  run 
cable  up  pole  to  the  weatherproof  box ;  we  place  pot-heads  inside 
of  box  and  run  cable  through  the  bottom  of  box  and  use  an 
extra  heavy  insulated  wire  inside  the  box  and  make  connection 
by  means  of  a  large  connector,  and  when  made  we  cover  up 
connection  with  an  insulated  tube.  In  case  we  wish  to  disconnect 
cable  from  aerial  line  we  raise  this  insulated  tube  and.  that, 
allows  us  to  do  the  work.  John  J.  Gaffney. 
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P  29.  What  formi  of  potheadi  or  joints  have  been  fonnd 
latisfactory  for  oonneotion  between  overhead  and  underground 
lines  for  Toltagts  ranging  from  1000  to  6000T 

A  pothead  consisting  of  a  1.5-inch  porcelain  tube  set  over 
the  joint  between  the  lead  cable  and  the  line  wire  has  been  found 
very  satisfactory  after  a  year  and  a  half  of  service.  The  cable 
enters  the  bottom  of  the  tube,  the  annular  space  between  the 
cable  and  the  tube  being  filled  with  a  wooden  block  to  hold  the 
compound  while  it  is  being  poured  into  the  tube.  The  conductor 
frcwn  the  pothead  to  the  line  wire  is  extra-heavy  rubber-covered 
stranded  cable  and  the  top  of  the  bushing,  after  it  has  been  filled 
with  compound,  is  built  up  with  tape  and  compound  around  the 
rubber  conductor  in  the  shape  of  a  cone,  so  that  no  water  can 
accumulate  on  the  top  of  the  joint.  The  tube  is  attached  to  the 
cross-arm  by  means  of  an  ordinary  metal  strap,  near  the  wire 
tc  which  it  is  connected.  H.  B.  Gear. 


At  present  we  are  using  a  pothead  made  by  slipping  a 
1.5-inch  by  12-inch  porcelain  tube  over  joint  and  filling  the  same 
with  No.  2  Minerallac,  taping  up  the  ends  and  painting  the 
whole  with  P.  &  B.  insulating  paint.  As  we  have  had  none  of 
these  joints  in  use  more  than  ten  months,  they  have  not  had  a 
thorough  test,  but  have  given  satisfaction  to  date. 

W.  L.  Sees. 


No  pothead  is  necessary  up  to  2500  volts,  ordinary  coupling 
or  sleeve  joints  being  all  that  is  necessary.  Above  2500  volts 
the  standard  form  of  bell-shaped  pothead  is  advisable,  protecting 
same  from  weather  by  a  suitable  weatherproof  house. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

I  use  rubber-covered  wire  and  a  lead  pothead  filled  with 
compound,  protecting  it  from  the  weather  with  a  small  wooden 
box,  and  have  had  no  trouble  from  their  use.  A  lead  pothead 
not  protected  is  liable  to  freeze  and  expand  the  lead  and  then 
the  dampness  works  down  into  the  cable  and  bums  it  out. 

Herbert  E.  Bragdon. 

V.  2 — 17 
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We  have  found  potheads.nistde  out  of  lead,  sleeving  about 
twice  the  size  of  the  cable.    It  worked  very  satisfactorily. 

John  J.  Gaffney. 

P  SO.  Wliat  insulation  resistanoe  slionld  be  required  in 
testing  high-tension  lines  subject  to  a  voltage  of  2000,  4000, 
7000  or  14,000  T  Should  a  breakdown  test  be  made  on  such 
lines  ?    And  what  voltages  should  be  used  in  the  test  T 

A  fair  insulation  test  for  either  an  overhead  or  underground 
line  is  to  test  at  a  voltage  50  per  cent  in  excess  of  the  normal 
line  pressure  for  a  period  of  one  minute.  On  overhead  lines 
operating  at  below  5000  volts  it  is  not  necessary,  as  a  rule,  to 
make  any  insulation  test.  W.  G.  Carlton. 

In  making  breaddown  tests  on  the  13,000- volt  transmission 
line  we  used  25,000  volts  for  five  minutes.     John  J.  Gaffney. 

P  31.  How  should  records  of  connected  load  on  feeders, 
mains,  transformers  and  secondaries  be  kept,  so  that  it  will  be 
flexible,  accurate  and  easy  to  refer  tot  Illustrate  by  sample  of 
cards  used. 

A  simple  way  of  computing  the  connected  load  of  feeders 
and  mains  consists  in  the  use  of  an  outline  diagram  of  the  lines, 
using  a  small  circle  to  show  the  transformers.  The  size  of  the 
transformer  is  marked  in  pencil,  to  permit  of  making  changes 
easily.  The  connected  load  in  kilowatts  of  transformer  capacity 
can  be  determined  from  such  a  map  at  any  time  with  a  few  min- 
utes' work  if  the  transformer  data  are  kept  up  to  date.  There 
are  various  card  systems  for  keeping  track  of  thfe  load  on  trans- 
formers and  secondaries,  which  are  very  good.  In  a  large  system 
with  three-wire  secondaries  it  is  valuable  to  have  maps  of  a  scale 
of  sufficient  size  to  show  the  location  of  the  poles  and  service 
taps.  Two  and  ,three-wire  services  can  readily  be  ^seen  and  the 
balance  and  distribqtion  of  load  on  the  secondaries- be  kept  track 
of,  H.  B.  Gear. 

Samples  of  cards  used  by  the  Chicago  Eklison  Company 
are  shown  below.  W.  G.  Carlton. 
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Give  every  transformer  a  numl>er,  irrespective  of  manufac- 
turer's number,  and  paint  on  transformer  in  large  enough  figures 
to  be  l^ible  from  the  ground.  Using  a  loose-leaf  ledger,  give 
every  transformer  a  page  or  more,  with  the  description  of  trans- 
former, names  and  addresses  of  consumers  connected,  with  the 
amount  connected — counting  each  i6-cp  lamp  at  0.05  kilowatt 
consumption — ^and  whether  constuner  is  on  flat  or  meter  basis. 
It  will  be  found  that  for  residence  districts  the  transformer  must 
be  large  enough  to  take  care  of  the  total  connected  load  when  all 
connected  are  on  flat  rates,  but  if  on  a  meter  basis,  the  trans- 
former may  have  a  capacity  of  25  per  cent  of  the  total  connected 
load.  With  every  "connect  up"  or  "disconnect"  order  the  line- 
man turns  in  the  transformer  number. 

The  Colorado  Springs  Elbc  Co. 


Keep  a  card  index  of  your  customers  in  your  operating  de- 
partment, with  information  with  regard  to  your  customers'  in- 
stallation on  the  face  of  the  card,  and  with  information  with 
regard  to  the  feeder,  'bus  line  or  main,  the  transformer,  meter 


262 


P— OVERHEAD  LINES 


P31 


and  station  on  the  back.    In  other  words,  the  face  of  the  card 
should  show  the  installation,  the  back  the  service  record.    See 
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sample  enclosed.  Better  arrange  them  geographically,  that  is, 
according  to  (a)  streets;  (b)  separate  meter  and  a  transformer 
record.  Douglass  Burnett. 
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P  S2.  What  ii  fhe  best  method  of  keeping  record  of  loca- 
tion,  9iit,  eto.9  of  orerhead  lines  t  Besoribe  a  desirable  system 
of  symbols  for  poles  and 


Small  companies  serving  but  four  or  five  square  miles  of 
territory  will  find  maps  of  400  or  500  feet  to  one-inch  scale  suited 
to  their  needs.  Larger  companies,  covering  from  10  to  25  square 
miles,  will  find  it  more  convenient  to  use  maps  in  atlas  form. 
Where  a  system  of  secondaries  is  run,  subject  to  frequent  changes 
and  consequent  erasures,  it  will  be  more  desirable  to  record 
location  of  poles  in  a  separate  atlas  (or  pages),  using  maps  of 
^00  feet  or  100  feet  to  inch  scale.  In  large  cities,  where  it  is 
the  custom  among  public-service  corporations  to  exchange  **con- 
tact"  privileges  with  each  other,  the  problem  of  records  is  more 
complicated.  In  this  case  adopt  symbols  indicating  ownership 
of  poles  used,  record  adjacent  thereto,  job  or  index  numbers,  by 
reference  to  which  entire  correspondence  or  history  of  each  con- 
tact privilege  may  be  made  .immediately  accessible  with  only  a 
minimtun  loss  of  time.  Where  lines  of  several  systems  are  run 
in  close  proximity  to  each  other,  use  colored  inks  (waterproof) 
to  emphasize  distinction  between  them.  Show  adjacent  to  these 
lines,  sizes  of  conductor,  current  or  system,  et  ccetera. 


Poles  owned  by  electric  light  company. 

Poles  in  which  electric  light  company  may  have  a 
joint  or  half  interest.  Relative  position  of  initials 
will  indicate  company  having  prior  claims  or 
original  right  of  way. 

(^  Poles  on    which   contact   privileges   have   been 

CITY  leased  from  city  (or  other  company). 


w.u 


Primary  circuits  of  single,  2  or  3-phase,  et  opiera. 
Secondary  lines. 


The  series  of  symbols  given  herewith  are  used  by  one  of  the 
largest  American  companies.  A  multiplicity  of  symbols  should 
be  avoided,  as  it  increases  probability  of  errors,  and  consequently 
diminishes  the  value  of  the  system  as  an  exact  record. 

F.  S.  Chandler. 
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A  map  is  the  best  way  of  keeping  a  record  of  overhead  lines. 
Feeders,  primary  and  secondary,  can  be  designated  by  diflferent 
colors  and  different  classes  of  rulings,  and  the  size  of  wire  can 
be  plainly  marked.  In  addition  to  the  map,  an  indexed  record 
of  streets  on  which  there  are  mains  can  be  kept,  giving  the 
length  of  line  and  size  of  wire.  H.  J.  Meyer. 

Card  for  each  pole,  with  diagram,  number  of  pole,  gauge 
of  wire,  number  of  circuit,  and  pin  each  wire  occupies. 

W.   W.    TiTZELL. 

Use  one  of  the  many  card  systems  now  in  use. 

United  Elec.  Lt.  Co. 

Have  a  board  background  and  paste  a  map  over  this.  Use 
wire  nails  for  poles  and  different  sizes  and  colors  of  twine 
string  to  represent  the  different  circuits.  F.  W.  Bullock. 

P  33.  What  method  of  taking  and  recording  data  consti- 
tutes the  most  accurate  means  of  determining  the  resistance 
losses  in  both  primary  and  secondary  systems  of  distribution 
where  the  circuits  are  always  alive  t 

P  34.  Have  you  any  system  of  regularly  inspecting  pole 
lines?  If  so,  what  records  are  kept  showing  the  condition  of 
the  lines  at  time  of  inspection? 

A  system  of  regular  inspection  is  maintained  in  the  city  of 
Chicago  by  which  all  overhead  lines  are  covered  once  in  three 
months,  and  important  leads  oftener.  The  inspector  is  an  ex- 
perienced lineman  who  makes  special  note  of  the  condition  of 
wires,  pins  and  insulators,  cross-arms  and  poles  with  reference 
to  their  causing  interruption  of  service;  also  the  clearance  be- 
tween lighting  mains  and  signal  wires  at  all  points  where  they 
intersect  without  the  use  of  a  junction  pole;  the  condition  of 
lightning  arresters,  fuse  boxes  and  ground  wires.  The  diagram 
showing  the  clearance  at  each  intersection  of  foreign  wires  is 
kept  on  file  and  note  is  made  of  the  date  of  subsequent  inspec- 
tions on  the  back  of  this  sketch.  H.  B.  Gear. 
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Yes.   Attached  are  forms  that  we  use  for  this  purpose. 


M 


101 


N.  B.    LoeatlofM  of  «r»uM«  work  •howl4  Jl«  v«fy 
•xpMelt  aiMI  «■«•  stook  raquiiW. 


Date. 


Mr, 


TM  followino  repairs  •hould  bm  made  at  onea. 
Stre0i CUy^ 


STOCK  REQUIRED. 


P«lM 

8  PlnArat  

4PHiil«at     

0  Pta  AraM 


lMalai*ft. 
WIrtfL  ... 


.BracM 

.Latt llMlAfa 

ScrtM CM9 

CmhiKmU WtlfMI 

Ftoi.  LoMi 

.wWW  n^wH ................................  f^in^^v*vOTra  iifv»,. 


Intpeetor 


Bepori  received by , 

Orrier  issued to Order  Jfo^. 

to  have  above  work  completed, 

Dateeompleted „ by 
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••••••••••••••« 


M     .  401        ^^. 

Mr^ 

Thavf  to-day  impeded  transformer  and  all  seeondariee  wires 
supplied  fron^  same^ 

Transformer  JTo. Size Street - 

Cr* opp City 

and  recommend  the  following  work  to  be  done. 


STOCK  REQUM^ED. 


fdet trMtf tkadt  C«m»M«... 

2PliiAnM Latt MatlArM 

4PliiAniit    Sertw* CaM« , 

ePtaArat .       C«iiiiHMhf WtltMLMfc 

flM    FI«i.Lo««  Hm««r-BMH 

fMihtora SooM  N«ck Hantt^BMrd  Int.., 

WlnfL  io ^.Rcitctor  Arc-afet«fi«ck  .... 


Inspector 


Report  received by ., 

Orffer  issued to Order  Xo. 

to  Tuufe  above  work  completed. 

Date  completed by 


F.  C.  S.,  Malden  Elec.  Co. 
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We  inspect  our  pole  lines  once  a  year,  very  early  in  the 
spring,  and  examine  the  poles  at  surface  of  ground  very  care- 
fully, making  notes  of  all  defects  needing  attention  within  the 
year.  These  notes  are  brought  to  the  crffice  and  arranged  in 
wards ;  a  sheet'  is  then  made  out  for  each  ward  and  after  the 
work  is  done  the  sheets  are  filed.  J.  F.  C. 

Divide  the  lines  into  sections  or  districts;  have  every  pole 
in  each  section  nimibered.  The  number  of  inspectors  necessary 
depends  entirely  on  local  conditions.  If  the  line  is  constructed 
in  good  shape,  using  good  substantial  material,  it  does  not  re- 
quire as  much  attention  as  a  poor  line.       D.  Clinton  Shain. 

Every  employee  is  an  inspector  who  reports  each  day  any 
defects  discovered.  A  thorough  inspection  of  each  pole  is  made 
once  a  year  by  a  competent  lineman.  W.  W.  Titzell. 

A — All  work  and  maintenance  of  this  character  is  under 
charge  of  the  superintendent  of  distribution.  B — ^Installation  and 
repairs  are  under  the  charge  of  the  general  foreman  of  the  gang 
doing  the  work,  and  reporting  to  the  superintendent  of  distribu- 
tion. C — ^An  inspector  of  overhead  lines,  whose  duty  it  is  to 
report  any  defect,  either  actual  or  prospective;  reporting  to 
superintendent  of  distribution.  D — ^A  chief  inspector  with 
authority  to  investigate  all  defective  conditions  of  the  company; 
reporting  to  the  manager.  This  man  also  handles  claims  arising 
from  accidents  or  damages.  Douglass  Burnett. 

We  have  inaugurated  a  very  successful  system  of  line  in- 
spection. The  city  is  divided  into  a  given  number  of  inspection 
routes,  one  of  which  is  covered  by  the  line  gang  each  week.  A 
report  of  all  troubles  found  is  made  in  writing  by  the  line  fore- 
man, and  is  recorded  in  a  card  catalogue,  classified  by  inspection 
routes  and  under  routes  by  streets  or  locations.  In  this  way 
the  condition  of  the  lines  and  poles  may  be  very  carefully  fol- 
lowed, and  the  result  is  fewer  breakdowns  and  less  expense 
than  formerly  for  line  inspection  and  repairs  to  lines,  owing  to 
the  fact  that  the  comparative  frequency  of  inspection  makes  it 
possible  to  repair  defects  before  any  serious  trouble  has  arisen. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 
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We  inspect  all  lines  every  three  months ;  make  up  estimates 
of  repairs  necessary.  Augusta  Ry.  and  Elbc  Q>. 

Yes.  We  have  a  regular  inspector  who  does  nothing  but 
inspect  poles,  cross-arms  and  wires,  and  a  daily  log  book  is  kept, 
showing  the  condition  of  all  lines  at  the  time  of  inspection. 
Minor  repairs  are  sometimes  made  by  this  inspector. 

W.  T.  M.,  N.  Y.  Ed.  Co. 

We  send  a  practical  lineman  out  with  the  pole-record  clerk ; 
he  tests  the  poles  and  if  he  finds  any  that  need  replacing,  the 
pole-record  clerk  records  same  and  after  consulting  with  the 
superintendent  orders  them  changed.  We  make  an  inspection 
once  every  year.  John  J.  Gaffney. 

P  36.  What  should  overhead  repairs  cost  per  annum  per 
kilowatt-honr  soldt 

The  average  cost  of  repairs  on  overhead  lines  should  not 
exceed  0.09  cent  per  kilowatt-hour  sold. 

G.  Wilbur  Hubley. 

They  do  cost  between  five  and  ten  per  cent  of  original  invest- 
ment, not  including  copper  investment,  according  to  the  soil 
the  poles  are  set  in,  and  the  elements  to  which  the  cross-arms 
and  pins  are  subjected.  J.  F.  C. 

The  cost  of  overhead  repairs  per  kilowatt  per  year  should 
be  about  .55  cent.  John  J.  Gaffney. 

P  36.  (a)  What  is  the  average  life  of  yellow-pine  eross^ 
armst    (b)  Cypress  eross-annsT    (0)  White-pine  eross-armsf 

In  this  locality  yellow  pine  cross-arms  of  a  good  quality 
will  last  about  five  years  unpainted,  but  by  dipping  them  in  a 
composition  known  as  Barot  (a  kind  of  creosote  that  is  a  non- 
conductor for  the  average  voltage  not  exceeding  11 50  volts) 
the  life  is  very  much  longer.  Cypress  does  not  last  here  at  all, 
and  is  not  very  strong.  White  pine  is  too  expensive,  so  have 
never  tried  it.  Fred  M.  Lege,  Jr. 
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P  37.  Is  it  good  praotioe  to  oairy  more  than  one  high* 
tension,  3-phaie  oironit  on  a  dnglepole  linet 

We  have  carried  two  circuits,  30,000  volts,  three-phase,  on 
one  pole  line  for  four  and  one-half  years.  We  have  not  as  yet 
had  any  serious  trouble.  H.  J.  Gille. 

Yes,  if  it  is  impossible  to  build  two  pole  lines. 

Harry  M.  Hops. 

Yes;  arranged  as  shown  in  diagram. 


Fred  B,  Sharpe. 

Where  the  cost  of  a  duplicate  pole  line  is  prohibitive,  the 
next  best  thing  is  to  have  two  distinct  circuits  on  the  same  pole 
line,  using  two  cross-arms  of  proper  dimensions,  and  running 
the  three  wires  of  each  circuit  in  triangle,  one  complete  circuit 
on  each  side  of  pole.  Unless  the  voltage  is  enormously  high, 
one  circuit  may  then  be  continued  in  service  while  the  other  is 
opened  for  repairs  or  connections.  Ralph  D.  Laxton. 

It  is  good  practice  to  carry  at  least  two  high-tension  three- 


phase  circuits  on  a  single  pole  line,  constructed  as  per  sketch, 
or  with  cross-arms  vice  versa.  H.  N.  Crandall. 

The  writer  does  not  consider  it  good  practice  except  in  cases 
where  lines  are  particularly  free  from  trouble.    Where  the  lines 
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traverse  a  rugged  country,   with  possibility  of   frequent  line 
trouble,  two  separate  pole  lines,  of  one  circuit  each,  are  preferable. 

L.  O.  Veser. 

It  is  good  practice  to  run  two  high-tension,  three-phase 
circuits  on  single  pole  line.  They  can  be  symmetrically  arranged 
by  using  two  cross-arms  and  having  one  circuit  on  each  side  of 
the  pole,  one  wire  on  the  top  arm,  two  wires  on  the  bottom  arm 
of  each  circuit.  H.  J.  Meyer. 

The  carrying  of  more  than  one  high-tension  circuit  on  a 
single  pole  line  becomes  less  desirable  as  the  operating  voltage 
increases.  With  line  voltages  above  15,000  or  20,000  volts,  it  is 
difficult  to  make  repairs  on  one  of  two  lines  carried  on  the  same 
poles  if  one  of  the  lines  breaks  down  and  it  is  desired  to  con- 
tinue the  service  over  the  other  line.  At  pressures  of  30,000 
volts  and  above,  repair  work  on  one  line  while  the  second  line 
remains  in  operation  is  practically  impossible,  and  in  such  cases 
there  may  be  a  decided  advantage  in  putting  up  two  separate 
pole  lines,  each  one  to  carry  a  single  transmission  circuit  only. 

H.  H.  Barnes,  Jr. 

As  one  high-tension  line  can  not  be  repaired  safely  while 
another  high-tension  line  on  the  same  pole  is  alive,  it  seems  to 
me  poor  policy  where  the  line  is  well  made  and  inspected,  to 
put  two  lines  on  one  pole.  Augusta  Ry.  and  Elec  Co. 

This  depends  upon  the  voltage  on  the  circuits,  the  condition 
of  the  country  traversed,  the  weather  conditions,  the  operating 
conditions  and  the  financial  conditions  of  the  company. 

With  heavy  line  construction,  a  good  right  of  way,  poles 
not  over  90  or  100  feet  apart,  and  lines  not  nearer  than  36  inches, 
centre  to  centre,  I  consider  it  good  practice  to  carry  two  trans- 
mission lines  on  one  pole.  This  should  be  avoided,  however,  if 
possible,  as  better  service  can  be  maintained  by  using  independent 
pole  lines.  A.  Balsley. 

This  depends  on  the  voltage  of  the  circuit,  and  the  amount 
of  power  transmitted;  on  the  amount  of  money  available  for 
construction   of   lines;    also   on   the   room   available    for   lines 
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Where  a  large  amount  of  power  is  to  be  transmitted  at  a  high 
voltage  it  is  desirable,  as  a  matter  of  safety,  to  have  two  separate 
pole  lines,  although  there  might  be  more  than  one  circuit  on  a 
single  pole  line.  W.  G.  Carlton. 

P  38.  In  runniiig  a  transmiflsion  linie  throng^  the  country, 
ii  there  inffioient  gain  in  using  insulated  wire  to  warrant  the 
extra  ooitt 

No.  Fred  B.  Sharpe. 

It  is  useless  to  use  insulated  wire  on  high-tension  trans- 
mission lines.  H.  N;  Crandall. 

Think  not  on  potentials  exceeding  2000  volts. 

Ralph  D.  Laxton. 

The  use  of  insulated  wire  for  a  transmission  line  in  an  open 
country  has  no  advantage  over  the  use  of  bare  wire.  The  insu- 
lating supports  must  in  any  event  be  depended  upon  for  the 
insulation  of  the  line,  and  the  line  ought  to  be  carefully  prevented 
from  coming  into  contact  with  trees  or  other  objects  that  might 
cause  grounds  or  crosses.  Dugald  C.  Jackson 

No ;  it  would  be.  a  poor  investment,  with  no  advantages. 

L.  O.  Veser. 

For  high-tension  work,  I  do  not  think  anything  is  gained 
by  insulated  wires.  H.  J.  Gille. 

No,  you  should  never  use  insulation  on  high-tension  wires 
when  run  in  uninhabited  districts,  and  I  have  never  been  able 
to  see  the  advantage  of  its  use  anywhere,  as  1000  volts  will 
penetrate  three-braid  weather  covering  during  a  rain  and  to  a 
great  extent  when  dry  if  the  contact  is  good ;  but  it  is  a  great  help 
among  trees.  Still,  I  am  of  the  opinion  that  we  shall  all  see 
the  day  when  it  will  hot  be  us6d  where  the  high-tension  Wireis 
are  used-in  cities  and  towns,  but  the  companies 'will -have  the 
right  ta  trim  trees  so  as  to  preverit- grounds  and  shorts. 

Fred  M.  Lege,  Jr. 


272  P— OVERHEAD  LINES  P  39 

No.    Cutting  all  trees  is  the  only  assurance  of  freedom  from 
trouble.  Augusta  Ry.  and  Elec  Q). 


There  is  no  advantage  in  using  insulated  wire  for  high- 
A'oltage  transmission  lines.  W.  G.  Carlton. 


P  39.  Where  the  nndergronnd  and  orerhead  on  a  S-phase 
ISyOOO-Tolt  traasmitsioiL  line  meet,  what  would  be  the  limit  of 
distanoe  away  from  the  riser  that  one  might  install  arretten  or 
itatio  disiipaton  with  good  elfeott  Would  there  be  any  objeo* 
tion  to  one  arrester  for  one  phase  on  eaoh  of  three  eonseentiTO 
poles  beyond  the  riser,  the  poles  being  spaoed  about  100  feet  apart  t 


My  opinion  is  that  the  best  construction  would  be  to  pro- 
vide a  lightning-arrester  or  cable-terminal  house  in  which  the 
choke  coils,  lightning  arresters  and  cable  terminals  could  be 
properly  installed.  H.  J.  Gill£. 


Experience  has  demonstrated  that  no  set  rules  can  be  laid 
down  for  lightning-arrester  installation.  Their  proper  disposi- 
tion for  obtaining  the  maximum  protective  effect  depends  upon 
the  local  conditions,  such  as  contours  of  district  covered  by  the 
lines,  the  prevalence  of  trees  or  buildings  that  may  tend  to  dis- 
sipate the  charge,  and  the  character  and  severity  of  the  lightning 
discharges. 

Good  practice  demands  that  some  form  of  weatherproof 
protection,  usually  a  small  substation,  be  provided  for  high- 
tension  protective  devices,  in  which  case,  the  lightnmg  arresters 
will,  of  course,  be  banked  adjacent  to  the  riser.  In  the  case 
cited,  choke  coils  will  probably  be  necessary  to  protect  the  under- 
ground cables. 

A  very  good  article  appeared  in  the  Electric  Club  Journal 
for  March,  outlining  a  system  of  test  for  determining  the  protec- 
tion afforded  by  lightning  arresters.  This  involves  comparatively^ 
little  trouble,  and  would  probably  be  of  considerable,  value  in 
the  average  high-tension  transmission.  M.  Carrington. 
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P  40.  Would  there  be  any  objections  to  installing  a  220- 
440-Tolt  overhead  distributing  system  in  a  small  town  having 
so  many  trees  as  to  prohibit  the  installation  of  a  2300-Yolt  system 
without  exoesiire  trimming? 

The  objection  to-  installing  a  220-440- volt  overhead  distri- 
bution is  that  if  the  system  covers  very  much  territory  the  loss 
is  too  great  or  the  cost  of  copper  is  prohibitive.  I  would  not 
advise  220-440-volt  distribution  if  the  lines  are  more  than  2000 
to  2500  feet  from  centre  of  distribution.  Even  with  low  voltage 
the  leakage  is  considerable,  especially  in  localities  where  there 
is  considerable  rain.  H.  N.  Crandall. 

None,  provided  neutral  wire  is  grounded  and  distances  not 
prohibitive.  In  some  cases  the  increased  all-day  efficiency  of 
a  direct-current  plant  of  this  character  over  one  of  2300  volts 
alternating  would  more  than  oflFset  the  increased  cost  of  copper 
and  construction.  Ralph  D.  Laxton. 

Best  system  of  distribution  would  depend  on  the  general 
layout  of  the  town,  as  to  location  of  customers  with  reference 
to  each  other  and  to  the  generating  station ;  also  upon  the  pros- 
pect of  future  growth  of  business. 

Primary  wires  can  be  run  through  trees  without  trimming. 
See  answer  to  question  P  19. 

The  use  of  a  limited  amount  of  this  construction,  which  is 
of  course  expensive,  might  make  it  possible  to  reach  a  number 
of  centres  of  distribution  in  various  sections  of  the  town  where 
transformers  could  be  placed  and  the  adjacent  territory  f^d  by 
1 10-220- volt  secondaries.  Warren  Partridge. 

A  system  using  a  three-wire,  220-440-volt  distribution  is 
entirely  practicable  for  use  in  small  towns,  and  is  being  used 
in  various  small  towns  with  marked  success.  Its  installation 
is  sometimes  less  expensive  than  a  2300-volt  system,  since  the 
former  does  not  call  for  any  expenditure  for  transformers.  It 
is  extremely  important,  however,  to  inspect  all  house  wiring  with 
a  great  deal  of  care  when  it  is  directly  associated  with  a  440- 
volt  circuit.  The  440-volt  pressure  is  also  of  doubtful  advan- 
V.  2—18 


274  P— OVERHEAD  LINES  P  40 

« 

tage  for  house-to-house  distribution,  on  account  of  the  serious 
shocks  that  may  be  received  from  it  unless  the  wiring  and  fix- 
tures have  been  inspected  with  great  fidelity. 

DuGALD  C.  Jackson. 


The  low-tension  system  would  be  preferable. 

Douglass  Burnett. 


You  will  find  that  a  great  amount  of  copper  will  be  nec- 
essary if  your  city  is  very  badly  scattered,  and  the  use  of  220- 
volt  lamps  is  still  expensive  where  you  have  a  very  great  varia- 
tion in  your  voltage,  owing  to  the  delicacy  of  the  filament;  the 
220-volt  lamp  is  yet  some  distance  from  perfection. 

I  should  recommend  2300  volts  and  the  use  of  split  glass 
insulators  to  go  through  the  trees  or  over  them.  By  smooth 
talking  you  should  be  able  to  get  an  ordinance  passed  to  per- 
mit the  trimming  of  trees,  as  little  as  possible,  so  as  to  prevent 
grounds.  You  will  find  that  a  tree  is  not  an  exceptionally  good 
conductor,  except  in  places  where  you  have  a  great  deal  of  rain. 

Fred  M.  Lege,  Jr. 

The  line  loss  would  be  the  principal  objection. 

Augusta  Ry.  and  Elec.  Co. 

I  do  not  think  that  the  number  of  trees  should  determine  the 
voltage,  as  a  2300-volt  line  can  be  carried  over  the  trees  on  tall 
poles,  carried  through  the  trees  and  held  by  proper  tree  insula- 
tors, or  suspended  over  the  centre  of  the  street  on  cross  sus- 
pension. If,  however,  the  town  is  small,  the  220-440-volt  system 
will  be  entirely  satisfactory,  and  the  first  cost  will  be  less  than 
ihat  of  a  2300-volt  alternating-current  system.  Care  should  be 
taken  to  equalize  the  voltage  and  feed  lights  from  a  centre  of 
distribution.  A.  Balsley. 


The  leakage  on  a  220-440-volt  overhead  system,  on  account 
of  wires  passing  through  trees,  would  not  be  a  serious  matter 
even  in  wet  weather.  W.  G.  Carlton. 
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P  41.  What  ii  the  best  oombined  fwitoh  and  ont-out  to  me 
on  aerial  lines  of  2800  roltSi  where  a  tap  oairying  16  amperes 
or  more  is  taken  off  a  main  linet 

P.  &  S.  porcelain  plugs  for  junction  poles. 

Fred  B.  Sharpe. 

Standard  types  of  porcelain  transformer  fuse  blocks  will 
serve  admirably  as  combined  fuses  and  switches  on  2300-volt 
taps.  Warren  Partridge. 

Primary  cut-outs,  such  as  are  furnished  with  large  trans- 
formers by  Westinghouse  or  General  Electric  Company,  give 
excellent  service,  though  they  are  sometimes  exploded  by  light- 
ning. Ralph  D.  Laxton. 

For  taps  up  to  and  including  15  amperes  the  usual  forms  of 
porcelain  transformer  cut-outs  with  aluminum  fuses  have  been 
found  very  satisfactory.  For  larger  taps  it  is  usually  preferable 
to  connect  them  up  with  any  of  the  standard  forms  of  fuse  box 
equipped  with  copper  wire  ijistead  of  fuse  wire^  the  fuse  box 
being  used  merely  as  a  switch  in  locating  trouble.  It  is  better 
to  have  the  station  fuses  take  care  of  any  short-circuits  that  may 
come  in  on  the  larger  mains  than  to  attempt  to  fuse  them  on  the 
poles.  '  H.  B.  Gear. 

The  best  means  of  switching  or  cutting  out  from  3000-volt 
taps  carrying  15  amperes  or  more  is  by  use  of  small  oil-break 
switch.  This  switch  is  thoroughly  weatherproof  and  is  made 
te  be  attached  to  cross-arms  substantially  the  same  as  primary 
cut-out  boxes.  Such  a  switch  is  made  and  can  be  obtained  on 
the  market.  W.  E.  Holmes. 

General  Electric  type  2300-volt,  30-ampere  plug  cut-out,  the 
same  as  used  on  transformers.  They  enable  you  to  fuse  and  cut 
your  circuit  out  without  endangering  your  employees. 

Fred  M.  Lege,  Jr. 

We  have  found  the  porcelain  fuse  block  to  be  the  handiest 
for  comparatively  small  capacity. 

Augusta  Ry.  and  Elec.  Co. 
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F  42.  If  a  3-phaie  grounded  fystem  is  originally  installed, 
protected  from  lightning  and  static  by  a  proper  number  of 
arresters  on  each  wire  to  ground,  and  later  the  star  point  of 
the  generators  is  grounded,  what  changes  would  you  make  in 
your  arresters? 

If  the  original  installation  of  lightning  arresters  is  designed 
to  take  care  of  pressure  from  phase  to  phase,  the  connections  on 
the  arresters  could  be  changed  so  as  to  include  only  enough  gaps 
ir  the  arrester  circuit  to  take  care  of  the  pressure  from  the  phase 
wire  to  the  ground  after  the  star  point  of  Ijie  generator  is 
grounded.  H.  B.  Gear, 

Grounding  the  star  point  of  the  generator  does  not  change 
the  potential  of  the  system  in  any  way  and  it  would  not  be 
necessary  to  make  any  change  in  lightning  arresters  where 
they  were  properly  installed  in  the  beginning.  In  installing  light- 
ning arresters  on  a  three-phase  system  that  was  not  grounded, 
the  tendency  would  be,  however,  to  have  the  lightning  arresters 
set  for  a  higher  potential  than  necessary.  G.  N.  Eastman. 

Assume  that  the  voltage  of  this  line  is  2300  volts.  If  a 
ground  came  on  the  line  the  maximum  strain  across  the  arresters 
would  be  2300  volts.  When  the  star  point  has  been  grounded  the 
maximum  strain  across  the  arrester  is  only  2300  -v-  1.73  =  1330 
volts,  which  is  only  58  per  cent  of  what  it  was  in  the  first  case. 
I  should  therefore  reduce  the  size  of  the  arrester  by  about  42 
per  cent.  •  E.  F.  Legge. 

P  43.  On  a  series  incandescent  circuit,  5000  volts  potential, 
operated  from  alternating-current  transformer,  is  it  possible  to 
use  2000-volt  lightning  arresters,  one  between  each  wire  and  the 
ground? 

Not  if  2100  volts  will  take  the  ground  on  your  2000-volt 
arrester.  Fred  B.  Sharpe. 

Current  might  follow  lightning  across  and  short-circuit 
lines.  Would  use  two  2000-volt  arresters,  or  preferably  an 
arrester  designed  especially  for  series  circuits  of  this  character. 

Ralph  D.  Laxton. 
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A  200C)-volt  lightning  arrester  may  be  used,  provided  the 
hne  is  clear  of  grounds. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

Yes.  Clayton  Geiger. 

It  will  probably  be  possible  to  use  2000-volt  lightning 
arresters,  one  between  each  wire  and  the  ground,  on  5000-volt 
series  incandescent  circuits  operated  from  alternating-current 
transformers.  In  case  of  trouble  on  the  line,  however,  and 
especially  in  the  case  of  the  grounding  of  the  line  near  one  of 
the  transformer  terminals,  the  2000-volt  arresters  would  probably 
spill  over  to  ground.  It  would  certainly  be  far  preferable 
in  practice  to  use  arresters  designed  for  the  operating  voltage, 
as  this  would  avoid  a  complete  breakdown  of  the  circuit  when  the 
line  becomes  grounded  on  one  side.  H.  H.  Barnes^  Jr. 

No.  Augusta  Ry.  and  Elec.  Co. 

Yes.  Use  a  2000-volt,  double-pole  arrester,  connected  single- 
pole.  M.  P.  R.,  N.  Y.  Ed.  Co. 

No.  G.  E.  Palmer. 

P  44.  In  the  case  of  a  S-phase,  60-oycle  system  supplying 
motors,  is  the  liability  of  reversing  phases  sufficiently  great  to 
warrant  the  nse  of  reyerse-pluuie  relays? 

No.  H.  N.  Crandall. 

Think  not.  Have  had  occasion  to  observe  rather  closely 
the  operation  of  several  extensive  installations  of  three-phase 
.motors,  and  have  never  known  or  heard  of  trouble  from  this 
cause.  Ralph  D.  Laxton. 

The  use  of  reverse-phase  relays  would  no  doubt  be  advisable 
where  an  inexpensive  form  of  relay  is  available.  At  present  it 
seems  better  to  have  linemen  and  station  men  subject  to  a  set 
of  rules  for  working  on  three-phase  lines  by  which  they  will  be 
enabled  to  do  their  own  testing  for  phase  rotation  and  thus 
reduce  the  liability  of  reversal  to  a  minimum.  H.  B.  Gear. 
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Q 

UNDERGROUND  LINES 

ft  1.  Ii  any  town  of  10,000  population  or  nnder  using 
nndergronnd  lines  f 

Manchester,  Mass.  H.  Bottomley. 

ft  2.  How  oan  a  oentral  station  determinei  without  going 
into  elaborate  details,  at  what  time  business  will  justify  putting 
lines  underground? 

This  is  rather  a  matter  of  local  conditions,  requirements  and 
judgment  in  each  case.  Douglass  Burnett. 

In  the  present  state  of  the  art,  a  company  can  not  determine 
accurately  from  a  financial  standpoint  whether  or  not  putting 
wires  underground  would  be  a  paying  proposition.  If,  how- 
ever, the  owners  of  a  system  are  optimistic  enough  to  believe 
that  the  business  as  carried  on  at  present  will  be  still  a  business 
at  the  end  of  20  or  30  years,  it  would  pay  to  put  wires  under- 
ground in  the  business  portion  of  almost  any  city  of  10,000  or 
more  inhabitants.  The  cost  of  maintaining  an  imderground 
system  is  so  much  less  than  that  of  an  overhead  system  and  the 
general  satisfaction  from  the  use  of  an  underground  system  is 
so  great,  that  the  matter  can  not  be  considered  purely  from  a 
financial  standpoint.  F.  G.  Proutt. 

Tables  have  been  published  by  the  different  engineering 
societies  and  by  the  companies  manufacturing  underground 
cable  and  conduits  which  make  it  easy  to  prepare  a  fairly 
accurate  estimate  of  the  cost  of  placing  lines  underground. 

The  cost  of  operating  underground  lines  will,  in  general, 
be  less  than  that  of  operating  overhead  lines,  but  unless  the 
system  is  of  considerable  size,  it  would  be  best  not  to  figure 
on  much  saving  in  operation. 

The  depreciation  on  underground  conduit  well  installed  is 
very  small.    Five  per  cent  would  probably  be  a  fair  figure.    The 
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deterioration  on  cables  would  be  considerably  more  than  on 
conduit.    Eight  to  ten  per  cent  would  probably  be  fair  figures. 

W.  G.  Carlton. 

ft  8.  What  are  the  adyantages  and  difadyantaget  of  paper- 
insulated  and  mbber-insnlated  cables  for  ondergronnd  work  on 
SS-oycle,  6600-yolt  system! 

We  have  used  paper-insulated  cable  on  6600-volt  systems 
with  good  results,  and  find  the  cable  cheaper  than  rubber- 
insulated.  United  Elec.  Lt.  Co. 

The  principle  advantage  of  using  paper-insulated  cables  on 
underground  construction  is  that  of  lower  first  cost,  and  the 
principal  disadvantage  is  its  liability  to  crack  and  break  during 
process  of  its  installation,  although  this  trouble  is  more  liable 
to  occur  in  smaller  cables,  such  as  used  for  series  arc  lines,  than 
in  larger  sizes.  G.  Wilbur  Hubley. 

ft  4.  Should  periodical  insolation  tests  be  made  on  low- 
tension  andergronnd  cables!  If  so,  how  often  shonld  snch  tests 
be  made  and  what  method  of  test  shonld  be  nsed  f  Answer  same 
questions  relative  to  high-tension  underground  cables,  also  as  to 
overhead  lines. 

Insulation  tests  can  not  be  made  on  low-tension  mains  to 
which  house  services  are  connected,  for  the  reason  that  the  test 
would  include  the  insulation  of  the  house  wiring.  It  is  advisable 
to  test  feeders  and  tie  lines  that  can  be  isolated  from  other 
wiring  at  reasonable  intervals.  All  that  is  necessary  is  an  insu- 
lation test  with  a  portable  voltmeter. 

Insulation  tests  on  high-tension  underground  cables,  operat- 
ing at  5000  volts  or  lower,  are  of  some  value  in  keeping  track  of 
the  general  condition  of  the  cables.  It  is  doubtful  if  it  is  worth 
while  to  make  any  elaborate  tests  on  sdch  cables.  A  test  made 
with  an  ordinary  portable  direct-current  voltmeter  and  a  battery- 
giving  50  to  100  volts  should  be  satisfactory. 

.  On  high-tension  lines,  operating  at  pressures  above  5000 
volts,  it  is  a  question  whether  or  not  it  is  worth  while  to  make 
insulation    measurements    at    short    intervals.      One    company. 
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operating  approximately  twenty  three-conductor,  9000- volt 
underground  cables,  in  length  ranging  from  one  to  five  miles, 
made  weekly  insulation  tests  with  a  galvanometer  for  more  than 
a  year.  During  this  time  no  trouble  was  located  by  means  of 
the  weekly  tests,  yet  several  burn-outs  occurred  on  these  lines, 
ff  it  were  possible  to  make  tests  at  shorter  intervals,  some  good 
might  result  from  them,  or  faults  in  cables  might  sometime  be 
detected  by  weekly  tests.  It  is,  as  a  rule,  a  great  deal  of  bother 
to  get  lines  for  test,  and  there  is  a  certain  element  of  danger 
for  the  men  doing  the  testing.  For  these  reasons  it  is  doubtful 
\i  it  is  worth  while  to  make  insulation  tests  on  high-tension 
lines  at  short  intervals. 

These  reasons  also  apply  to  overhead  high-tension  cables 
and  there  is  the  further  difficulty  that  insulation  tests  on  over- 
head cables  depend  very  largely  on  the  condition  of  the  weather. 

W.  G.  Carlton. 

Q  5.  What  guarantees  are  demanded  of  the  manufacturer 
on  low-tension  cable  for  underground  circuits  as  to  thickness  and 
quality  of  insulation?  As  to  conductivity t  As  to  thickness  and 
quality  of  lead?  Answer  same  questions  relative  to  high-tension 
underground  cables. 

The  best  guarantee  to  obtain  from  a  manufacturer  of  under- 
ground cable  is  a  test  of  all  cable  after  it  is  installed  in  the 
ducts  at  some  reasonable  test  pressure,  depending,  of  course,  on 
the  use  to  which  the  cable  is  to  be  put;  also  a  guarantee  from 
the  manufacturers  for  a  period  of  five  years  or  more  from  the 
date  test  is  completed.  The  thickness  of  lead  and  insulation 
would  vary  with  the  various  sizes  of  cables  required,  but  the 
purchaser  should  lean  rather  to  both  heavy  lead  and  heavy 
insulation  than  to  have  either  comparatively  light. 

F.  G.  Proutt. 

It  is  generally  better,  particularly  for  a  small  company,  to 
leave  the  specifications  for  underground  cable,  both  for  low  and 
high-tension  work,  to  the  manufacturers.  Comparisons,  how- 
ever, should  be  made  between  the  thicknesses  of  the  paper  and 
lead  walls  that  the  different  manufacturers  propose  to  furnish. 

W.  G.  Carlton. 
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Q  6.  Will  some  of  the  companieB  who  have  used  paper 
insulated  lead-encased  cable  on  8000-Yolt  series-arc  circuits, 
including  loops  up  the  lamp  pole,  give  their  results  with  same? 

We  are  using  paper-insulated  cables  on  arc  circuits,  and  they 
give  very  gopd  satisfaction.  Herbert  E.  Bragdon. 

Paper  cable,  lead-covered,  is  used  very  successfully  on  8000- 
volt  arc  circuits.  The  lead  sheath  should  be  grounded  at  inter- 
vals to  decrease  the  electrolysis.  It  must  be  handled  very 
carefully,  so  that  the  sheath  is  not  punctured,  as  this  would 
result  in  moisture  gathering,  which  would  destroy  the  insula- 
tion. H.  J.  Meyer. 

With  seven-thirty-second-inch  insulation,  frequent  punctures 
occur  after  cable  has  been  in  use  seven  to  nine  years.  Some  of* 
the  trouble,  however,  is  due  to  electrolysis ;  almost  no  trouble  with 
sections  of  cable  running  up  the  poles. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 

Q  7.  How  does  the  cost  of  maintenance  of  underground 
lines  compare  with  that  of  overhead  lines  t 

In  general  the  cost  of  maintenance  of  underground  lines 
is  very  much  less  than  that  of  overhead  lines.  In  case  of  a 
bad  burn-out  the  repairs  will,  however,  be  much  higher  than 
on  overhead  work.  W.  G.  Carlton. 

Q  8.  What  current-carrying  capacity  per  1000  circular 
mils  should  be  allowed  in  undeiground  feeders? 

The  current-carrying  capacity  of  underground  feeders  (or 
mains)  should  be  such  that  the  maximum  load  would  not  cause 
an  excessive  rise  in  temperature,  but  would  stand  large  overload 
for  a  short  time. 

Allowing  a  maximum  rise  in  temperature  at  50  degrees 
centig^rade,  the  amperage  per  1000  circular  mils  would  be : 

Sizes  of  Feeders,  Circular  Mils        Amperage  per  looo  Circular  Mils 

1,500,000  0.9 

1,000,000  I.O 

7:^0,000  I .  I 

500,000  1.2 

350.000  1.5 
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In  concentric  feeders  the  current  should  be  about  five  per 
cent  less.  G.  M.  Armbrust. 

One  ampere  per  looo  circular  mils  is  a  fair  rating  for  inter- 
Tnittent  duty;  that  is,  during  the  ordinary  peak  load  up  to  three 
hours.  For  continuous  duty,  0.75  ampere  is  safer  and  better 
for  the  cable. 

The  Edison  Elec.  Ill'g   Co.  of  Boston. 

One  ampere  per  1000  circular  mils  is  carrying  capacity 
allowed  on  underground  feeders.  H.  J.   Meyer. 

ft  9.  Wliat  has  been  the  experienoe  of  those  operating  paper 
and  lead  oablei  under  water!  It  not  the  trouble  from  electro- 
lysis likely  to  be  less,  and,  therefore,  the  life  of  the  cable  longer, 
than  when  installed  in  the  ordinary  manner? 

Cables  give  almost  no  trouble  under  water.  No  trouble  from 
electrolysis  except  where  cables  enter  and  leave  the  water,  and 
that  is  obviated  by  bonding  and  installing  some  bare  conductors 
at  that  point  to  take  care  of  the  foreign  currents. 

The  Edison  Elec.  Ill'g  Co.  of  Bos'x-on. 

ft  10.  What  protection  can  be  given  lead  covering  of  under- 
ground cables  from  gronnd  currents! 

Well  bonded  together  and  connected  to  good  ground  wire, 
has  given  good  service.  Herbert  E.  Bragdon. 

Ground  the  lead  sheathing  of  cables  in  every  manhole. 

G.  Wilbur  Hubley. 

Insulate  cables  from  ground  in  manholes  and  break  the 
sheaths  frequently,  inserting  insulating  joints  at  those  points. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

The  lead  covering  of  underground  cables  can  be  prevented 
from  carrying  stray  currents  if  the  lead  sheath  is  broken  at 
reasonable  intervals  and  some  kind  of  insulating  joint  installed 
across  the  break  in  the  lead  sheath.    With  lead  cable  installed  in 
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tile  ducts  there  is  not  much  danger  of  any  large  amount  of 
stray  current  reaching  the  cable,  except  in  manholes  where  iron 
brackets  are  used.  It  is  not  good  practice  to  install  a  number 
of  lead-covered  electric  light  or  power  cables  on  a  common  iron 
support.  In  the  case  of  important  cables,  particularly  high- 
voltage  cables  carrying  large  amounts  of  power,  it  is  desirable 
to  cover  the  cable  through  the  manhole  with  vitrified  clay 
tile.  If  tile  conduit  is  used,  there  should  be  little  danger  of  stray 
currents  affecting  the  cable  when  protected  in  manholes  in  the 
above  manner.  •  W.  G.  Carlton. 

ft  11.    What  kind  of  duot  and  what  kind  of  insulation  is 
best  for  ondergronnd  lines! 

Fibre  conduit.  Fred  B.  Sharpe. 


Multiple  terra-cotta  duct;  chiefly  on  account  of  durability. 

L.  Carspecken. 


In  selecting  a  conduit  for  underground  lines  there  are  several 
requirements  that  should  be  kept  in  mind. 

(i)  The  ducts  should  be  practicably  indestructible,  not  sub- 
ject to  disintegration  from  the  elements,  water,  acids,  alkalies, 
ei  ccBtera,  or  to  electrolysis. 

(2)  The  ducts  should  have  a  smooth  inside  surface  to 
permit  of  drawing  in  cable  easily,  should  be  reasonable  in  cost 
and  economical  to  install. 

Many  forms  of  conduit  have  been  in  use*  as  wooden  pump 
log,  cement  pipe,  iron  pipe,  et  catera,  all  subject  to  more  or 
less  objections.  The  duct  found  to  be  the  most  satisfactory  is 
vitrified  clay  tile. 

These  ducts  are  made  in  various  sections  and  lengths,  those 
most  commonly  used  being  the  single  round  and  the  single  square 
tile,  about  three  and  one-half  inches  in  diameter  and  one  and 
one-half  feet  long.  Multiple  conduit  is  made  in  two,  three,  four, 
six  and  nine-duct  sections,  and  three  feet  long. 

The  single  duct  is  most  available  for  use  in  crowded  streets 
where  groups  of  pipes  have  to  be  crossed  or  where  it  is  nec- 
essary to  go  between  pipes.    This  style  of  conduit  also  has  the 
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advantage  of  two  walls  sqparating  any  two  cables,  and  every 
vertical  joint  being  broken  protection  is  afforded  for  the  cables 
in  case  of  a  bum-out. 

Multiple  conduit  may  be  used  in  streets  free  from  obstruc- 
tions in  outlying  districts.  G.  B.  Springer. 

Q  12.  Do  you  build  conduit  with  your  own  men,  or  do 
yon  have  it  done;  by  contract  f  Which  method  do  yon  consider 
cheaper,  and  how  mnch? 

For  the  past  three  years  we  have  made  contracts  for  all  our 
underground  work  and  find  that  we  can  get  it  done  cheaper  in 
that  way  than  we  could  do  it  ourselves.  We  have  constructed 
about  five  miles  of  conduits  every  summer  in  this  manner. 

United  Elec.  Lt.  Co. 

With  our  own  men,  25  per  cent  cheaper  and  better  than  by 
contract  six  years  ago;  have  had  it  done  by  contract  since  then. 

L.  Carspecken. 

Whenever  possible  conduit  lines  should  be  built  by  the  regu- 
lar employees  of  a  company.  After  a  conduit  system  has  once 
been  put  in  operation,  the  extensions  to  it  are  continuous  and 
it  would  be  a  poor  proposition  to  have  to  hire  a  regular  con- 
duit contractor  to  put  in  the  extensions  as  they  were  required. 
With  the  original  installation,  if  the  company  has  men  who  can 
handle  the  work  it  will  be  all  right  for  them  to  install  it;  if, 
however,  it  has  not  such  men  but  would  have  to  educate  them 
at  the  company's  expense,  it  would  be  much  better  to  put  in  the 
first  installation  by  contract.  F.  G.  Proutt. 

Q  13.  Has  any  one  had  any  experience  with  tile  condnit 
broken  either  from  water  freezing  in  the  ducts  or  from  water 
absorbed  by  the  tile  freezing  and  cracking  same? 

We  have  seen  tile  conduit  heaved  out  of  line  by  frost.  This 
happened  when  it  was  laid  too  near  the  surface  in  a  grass  strip 
between  curb  and  sidewalk.  We  do  not  think  it  would  have 
heaved  had  it  been  laid  deeper  or  been  underneath  a  waterproof 
pavement.  This  was  not  our  conduit.  We  make  it  a  positive 
rule  to  drain  all  our  manholes  to  the  sewers. 
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We  do  not  think  a  tile  that  will  absorb  water  is  fit  for  con- 
duit construction.  Underground  Department, 

The  Edison  Ill^g  Co.  of  Detroit. 

Q  14.  In  laying  mnltiple  conduit  it  is  the  onitom  of  some 
oompanies  to  nse  a  layer  of  conorete  about  three  inches  in  thick- 
ness on  the  bottom  and  top  of  conduit,  omitting  it  entirely 
from  the  sides.  Has  any  one  had  experience  with  conduits  so 
laid  being  interfered  with  or  broken  by  men  of  other  companies 
working  around  itf  Has  this  method  been  found  to  be  poor  or 
good  economy? 

Find  it  best  to  surround  subway  with  three  inches  of  con- 
crete for  protection  against  digging  by  other  companies,  and 
also  to  render  subway  more  nearly  watertight  on  account  of  the 
imperfect  joint  of  multiple-duct  conduit.  L.  Carspecken. 

ft  16.  How  is  the  leakage  of  illuminating  gas  into  subway 
manholes  prevented  or  checked  f 

Manholes  connected  through  trap  sewer  and  well  ventilated 
by  open  cover.  Herbert  E.  Bragdon. 

It  is  difficult  to  prevent  gas  accumulating  in  manholes  if 
there  is  a  considerable  leakage  from  gas  pipes.  Where  there 
is  any  great  amount  of  gas,  ventilated  manhole  covers  should 
be  used.  The  gas  companies  should  also  be  notified,  so  that 
their  pipes  can  be  repaired.  Where  there  is  thought  to  be  gas 
in  manholes  they  should  be  ventilated  by  leaving  the  cover  off 
as  long  as  necessary,  before  men  are  allowed  to  work  in  the  hole. 
Tests  should  also  be  made  with  a  lighted  match  or  piece  of  paper 
before  sending  men  into  a  manhole  to  work  if  it  is  necessary  for 
them  to  use  a  torch  or  other  flame  in  the  manhole.  Where  it 
is  not  possible  to  get  rid  of  the  gas  in  the  "manhole  a  soldering 
pot  or  iron  should  be  used  instead  of  a  torch,  the  flame  being 
kept  out  of  the  manhole.  W.  G.  Carlton. 

It  is  a  very  difficult  matter  to  prevent  gas  from  finding 
its  way  into  subway  manholes;  the  only  preventive  means  is 
to  have  all  points  in  gas  mains  in  the  vicinity  of  manhole  calked 
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as  often  as  possible.  For  this  purpose  gas  companies  generally 
have  a  gang  of  men  follow  all  openings  made  in  the  streets  by 
various  companies,  and  calk  all  exposed  joints. 

All  manholes  larger  than  four  feet  square  should  have 
ventilated  iron  covers.  A  style  commonly  used  has  32  holes, 
one  and  a  quarter  inches  in  diameter.  These  allow  the  gas  to 
escape  in  most  cases.  G.  B.  Springer. 

ft  16.  What  is  the  best  method  of  prevontiiig  ezplodons  in 
numholes  from  the  oombination  of  illuminating  gas  and  airi  u 
well  as  miztnrei  of  other  gases  and  airf 

See  answer  to  question  Q  15.  Herbert  E.  Bragdon. 

The  best  method  of  preventing  explosions  in  manholes  is 
to  ventilate  the  manholes.  F.  G.  Proutt. 

All  manholes  in  the  vicinity  of  gas  mains  should  be 
uncovered  and  aired  out  for  at  least  ten  or  fifteen  minutes  before 
using  a  lig^t  of  any  description,  and  if  there  is  the  least 
smell  of  gas  remaining  a  lighted  newspaper  or  a  piece  of 
waste  should  be  thrown  into  the  hole.  This  method  of  testing 
manholes  may  cause  a  blow-up,  but  it  may  also  save  lives. 

G.  B.  Springer. 


A  perforated  lid  on  manholes  and  service  boxes,  with  a  daily 
inspection  for  gas  leaks ;  the  latter  to  be  at  once  reported  to  gas 
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company.  This,  with  air  circulating  through  pipes  carrying 
cables  has  made  explosions  very  rare.  In  sewering  manholes 
we  found  the  ordinary  bell  trap,  or  flat  grating  on  P-trap,  would 
clog  quite  often  in  heavy  rains.  Have  adopted  an  inlet  of  cast 
iron,  as  per  sketch,  and  have  no  further  trouble  on  account  of 
clogging.  L.  Carspecken. 

ft  17.  Wonld  it  be  a  desirable  adjnnot  in  a  transformer 
manhole  to  have  a  ventilating  tube  run  from  the  bottom  of  the 
manhole  to  the  open  air,  or  do  the  pipes  oarrying  the  oables 
provide  sufficient  circulation  of  air  f 

I  think  it  advisable  where  circumstances  will  permit.  The 
pipes  are  not  good  ventilators  as  they  are  well  filled  with  cable. 

Herbert  E.  Bragdon. 

A  ventilating  tube  would  be  of  great  advantage  in  man- 
holes where  transformers  are  installed,  and  should  be  installed 
wherever  possible.  Two  tubes  should  be  installed  in  each  case, 
however,  one  from  the  bottom  of  the  manhole  and  one  from  the 
top,  so  as  to  provide  good  circulation. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

It  is  desirable  to  ventilate  all  manholes  in  which  trans- 
formers are  located,  either  by  having  holes  in  manhole  cover 
or  by  nmning  a  pipe  from  near  the  top  of  the  manhole  under 
the  street  to  the  sidewalk  and  bringing  it  up  through  the  side- 
walk in  the  shape  of  a  small  cast-iron  post. 

F.  G.  Proutt. 

This  would  depend  on  the  amount  of  heat  g^ven  oflF  by  the 
transformer.  In  the  case  of  a  large  transformer  heavily  loaded 
it  would  be  desirable  to  provide  as  much  ventilation  as  possible. 
The  ventilated  cover  on  the  manhole  would  probably  be  more 
satisfactory  than  a  tube.  W.  G.  Carlton. 

Q  18.  Is  any  feeder  cable  safe  (in  large  high-tension  sys- 
tems) that  will  not  stand  test  of  double  voltage  for  one  minute  t 

No.  Ralph  D.  Laxton. 
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In  my  opinion  a  high-tension  cable  is  not  safe  unless  it  will 
stand  a  double-voltage  test  for  one  minute.  H.  J.  Gille. 

It  should  not  be  necessary  to  test  feeder  cables  for  large 
high-tension  systems  at  double  the  normal  voltage.  In  one 
system  operating  at  9000  volts  and  having  about  loo  miles  of 
cable  installed,  cables  are  tested  when  installed  at  50  per  cent 
above  the  normal  voltage  for  a  period  of  one  minute,  and  similar 
tests  are  made  semi-annually  on  all  cables.  Few  cases  of  line 
trouble  have  occurred,  and  it  is  believed  that  the  oil  switches  on 
the  lines  will  protect  the  stations  or  substations  from  any  line 
trouble.  During  a  period  covering  two  years*  time  no  cables 
have  been  broken  down  on  the  semi-annual  test,  although  oc- 
casionally when  a  cable  is  first  put  in  service  it  will  break  down 
on  the  preliminary  test.  W.  G.  Carlton. 

It  seems  to  me  that  it  ought  to  be  self-evident  that  an  under- 
ground cable  that  will  not  stand  the  tests  stated  is  decidedly 
improper.  N.  T.  Wilcox. 

No.  A.  Balsley. 

Q  19.  What  is  the  reason  for  the  slow  introduction  of  high- 
tension  undei^^ond  cables,  above  13,000  volts? 

Difficulty  in  securing  thoroughly  reliable  insulation. 

Ralph  D.  Laxtox. 

Q  20.  Is  the  installation  of  static  discharge  gaps  at  both 
ends  of  all  feeders  of  a  high-tension  underground  system  com- 
patible with  safe  operation? 

Yes,  if  resistances  between  discharge  gaps  and  ground  are 
sufficiently  high  to  prevent  maintenance  of  arc  at  line  potential. 

Ralph  D.  Laxton. 

It  should  be,  under  any  ordinary  conditions. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 
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Q  21.  What  method  of  construotion  will  stop  leaking  of 
compound  ont  of  paper  and  lead-covered  ccbles  where  the  end 
of  cable,  sweated  into  the  lug,  is  the  lowest  point  in  cable  run? 

The  only  method  is  to  use  a  special  dry  cable ;  that  is  to  say, 
a  cable  of  which  the  paper  insulation  is  saturated  but  has  no 
excess  of  oil.  It  would  not  be  good  practice  to  use  such  a  dry 
cable  for  general  purposes,  but  special  lengths  of  it  might  be 
used  for  station  terminals  where  the  trouble  referred  to  occurs. 

Underground  Department, 
The  Edison  Ili/g  Co.  of  Detroit. 

Q  22.  What  is  the  cause  of  bubbles  rising  in  compound 
of  terminal  bells  in  13,000-volt  paper  and  lead-covered  cable 
transmission  lines  after  same  have  been  in  service  some  time? 

In  some  cases  this  has  been  found  due  to  hydrostatic  head 
in  considerable   length  of  the  cable  at  higher  elevation   than  - 
terminal  bell.    In  other  cases  the  explanation  has  been  offered 
that  bubbles  were  caused  by  heating  of  cable  expelling  air. 

P.    JUNKERSFELD. 

Q  23.  In  an  underground  3-wire  110-220-volt  direct-current 
distributing  system,  is  a  bare  stranded  cable  satisfactory  for- 
neutral  conductor? 

Quite  so.  Douglass  Burnett. 

I   see  no  reason  why  a  bare  stranded  cable  can  not  be- 
operated   satisfactorily   on   an   underground,  three-wire   system 
with  neutral  ground ;  in  fact,  I  think  this  is  a  positive  advantage.. 

N.  T.  Wilcox. 

A  bare  stranded  cable  is  entirely  satisfactory  for  the  neutral 
wire   in  un(!erground  three-wire  system.  F.   G.   Proutt. 

In  two  cases  that  came  under  the  writer's  notice  a  great 
deal  of  trouble  was  experienced  with  bare  neutral  used  in  con- 
nection with  three-wire  underground  lighting  distribution. 

The  first  system  was  fed  from  a  station  supplying  both 
lights  and  ground-return  railway  system.     In  the  second  system.- 

V.  2  — 19 
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the  light  and  railway  plants  were  separate,  but  the  underground 
mains  short-circuited  a  loop  of  track  carrying  heavy  return 
currents.  Both  installations  were  in  a  damp,  acid  soil,  saturated 
at  intervals  by  underground  springs,  and  the  lighting  neutral 
was  found  to  be  carrying  a  considerable  volume  of  the  railway 
return  current.  M.   Carrington. 

A  bare-copper  cable  is  satisfactory  for  the  neutral  of  a  low- 
tension  system.  It  is  not,  however,  good  practice  to  pull  in  lead- 
covered  cable  in  the  same  duct  with  a  bare-copper  cable,  since 
the  lead  covering  will  carry  neutral  current  and  may  become 
damaged.  W.  G.  Carlton. 

The  bare  cable  should  be  satisfactory  in  almost  every  case. 

M.  A.   HOGAN. 

Yes,  if  railroad  return  currents  are  not  to  be  encountered; 
if  thev  are  an  insulated  cable  should  be  used. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Q  24.  What  are  the  lowest  figures  on  record  of  the  annual 
cost  per  mile  of  maintaining  underground  lines  under  ordinary 
conditions? 

Q  25.  In  a  moderate-sized  system,  direct-current,  3-wire, 
110-220  volts,  about  2000  kilowatts,  it  is  suggested  to  operate 
from  the  station  'bus  all  feeders  running  to  a  distance  of  1000 
feet  or  under.  Pressure  wires  determine  the  rate  of  rise  of 
'bus  e.m.f.  at  time  of  maximum  load.  Beyond  this  distance 
feeders  are  regulated  by  motor-driven  boosters,  latter  series  wound. 
How  does  this  check  up  with  modem  practice  in  regulation  ? 

A  better  way  would  be  to  install  from  two  to  three  'busses 
in  the  station,  feeding  one  straight  from  the  generators,  and 
the  others  through  boosters.  This  will  allow  throwing  over  of 
circuits  to  obtain  the  minimum  voltage  variation  as  the  loads 
shift.  If  double-throw  switches  are  provided  on  the  generator 
panel  it  may  be  possible  to  cut-out  one  booster,  or  at  least  hold 
It  as  a  spare,  operating  both  high  and  low  'busses  direct  from 
the  separate  generators,  when  the  load  is  heavy  enough  to 
justify  it.  M.  Carringto>i. 
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In  a  station  of  2000-kw  capacity,  distributing  direct  current, 
more  than  one  T)us  should  be  operated,  unless  a  large  share  of 
the  load  is  concentrated  at  points  uniformly  distant  from  the 
station.  In  case  of  long  feeders  boosters  may  be  necessary,  but 
their  use  should  be  avoided  if  possible.  W.  G.  Carltqn. 

In  general,  the  method  described  is  standard  practice  with 
Edison  companies,  except  in  the  use  of  boosters.  Some  com- 
panies use  boosters  for  long  feeders  that  require  extreme  press- 
ures, but  effort  is  generally  made  to  proportion  the  feeder  copper 
so  that  by  running  two  or  more  'bus  pressures  at  the  station,  it  is 
possible  to  maintain  a  satisfactory  average  pressure.  If  a  bat- 
tery is  available  several  'bus  pressures  can  be  obtained  to  meet 
irregular  pressure  conditions,  without  the  use  of  boosters. 

The  Edison  Elkc.  Ill^g  Co.  of  Boston. 

ft  26.  Are  there  any  factors,  exeept  the  resistance,  that 
would  cause  an  observable  loss  of  energy  or  watts  on  a  25-cycle, 
S-phase  transmission  line  about  7  miles  long,  one-half  of  which 
is  paper-lead  3-conductor  cable  and  one-half  overhead,  operating 
at  or  under  15,000  volts,  and  at  any  power  factor,  including 
unity?  If  so,  enumerate  same  and  give  formula  for  their  deter- 
mination ? 

See  pages  103-126  Foster's  Electrical  Engineers'  Pocket 
Book,  W.  G.  Carlton. 


Currents  set  up  by  mutual  induction  (eddy  currents  or  their 
equivalent)  and  dielectric  hysteresis  might  each  come  in  to 
cause  some  considerable  losses,  and  perhaps  other  features  might 
also  cc»ne  in,  depending  upon  the  surroundings  of  the  installa- 
tion. The  formula  by  which  the  magnitude  of  these  losses  may 
be  calculated  may  be  found  in  their  general  formula  in  many 
text-books,  but  the  specific  formula  applying  to  the  case  that 
may  be  referred  to  can  not  be  given  without  knowing  full  details, 
and  the  chances  are  that  the  conditions  are  so  complex  that  the 
losses  can  not  be  accurately  computed  but  can  only  be  approxi- 
mated by  computation  and  the  application  of  judgment. 

DuGALD  C.  Jackson. 
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ft  27.  What  is  the  best  roof  or  top  (not  cover)  for  man- 
holes containing  subway  transformers  and  designed  with  a  view 
to  keeping  water  from  penetrating  during  spring  thaws  and 
heavy  rains? 

A  good  concrete  top  for  manholes  will  be  practically  water- 
proof.  Cracks  are  likely  to  develop  in  manhole  walls,  particu- 
larly in  the  corner  between  the  side  walls  and  the  roof.  These 
should  be  kept  cemented  up.  W.  G.  Carlton. 

Probably  the  best  roof  for  manholes  is  concrete.  In  laying 
concrete  roofs  a  layer  of  cement  mortar  about  one  inch  in  thick- 
ness should  be  spread  on  the  temporary  boards  for  supporting 
the  roof  during  construction,  the  concrete,  about  eight  or  nine 
inches  thick,  being  laid  on  this  and  well  tamped.  On  top  of 
the  concrete  another  inch  of  fairly  rich  cement  mortar  may  be 
spread.  This  method  will  make  the  roof  practically  water- 
tight. If  deemed  necessary,  a  coating  of  tar  could  be  added,  but 
this  would  probably  be  done  only  in  exceptional  cases. 

G.  B.  Springer. 
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B  1.  What  has  been  the  average  life  of  lighting  trans- 
formers? 

Fifteen  years.  C.  W.  Koiner. 

Under  present  design  of  transformers  the  average  life 
should  not  be  less  than  ten  to  fifteen  years  when  operated  under 
normal  conditions  of  service.  G.  Wilbur  Hubley. 

Our  experience  has  been  that  with  air-cooled  types  ten 
years  is  the  maximum  time  that  they  should  be  used.  Some  of 
the  older  oil-cooled  types  have  reached  the  limit  of  useful  life 
in  the  same  time.  High-grade  modern  oil  transformers  should 
exceed  that  time  by  a  considerable  period. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 
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Varies  greatly  with  different  makes.  About  eight  years  for 
best  one  built  ten  to  twelve  years  ago.  Will  probably  reach 
fifteen  years  for  more  modern  types.     M.  P.  R.,  N.  Y.  Ed.  Co. 

B  2.  Which  is  the  better  type  of  transformer  to  use,  oore 
or  shell,  for  motor  service  ?    For  lightinsT  service  T 

Shell  type  where  there  is  an  inductive  load  of  any  propor- 
tion; core  type  where  there  is  a  large  lighting  load  or  where 
subject  to  severe  electrical  storms.  A.  E.  Walden. 

Both  types  have  their  advocates.  Shell  type  will  operate 
at  a  lower  temperature.  C.  W.  Koiner. 

Core  type  is  probably  preferable  for  all  service,  as  it  has 
fully  as  good  characteristics  and  its  form  tends  to  a  higher 
factor  of  safety  in  insulation  between  high  and  low  tension. 

W.  H.  C. 

Shell-type  transformers  are  desirable  for  either  light  or 
power  service.  Core  type  are  especially  adapted  for  lighting 
service  only.  G.  Wilbur  Hubley. 

There  is  really  no  choice  of  type  of  transformer  for  either 
motor  or  lighting  service.  From  central-station  view,  the  value 
of  a  transformer  is  measured  by  the  first  cost,  reliability  of 
operation  and  characteristics.  Both  types  can  be  built,  and  arc 
built,  with  the  same  characteristics,  same  efficiency  and  same 
reliability  of  operation,  and  the  choice  of  type  shifts  down  to  the 
ability  of  the  manufacturer  to  produce  a  properly-built  device. 

The  shell-type  transformer  generally  has  the  advantage 
over  the  core  type,  in  that  it  naturally  adapts  itself  to  a  con- 
struction that  gives  a  lower  impedance  voltage,  and  therefore 
better  regulation  with  inductive  loads;  each  type  having  ap- 
proximately the  same  core  and  copper  losses.     E.  A.  Wagner. 

Shell  type  has  a  very  slight  advantage  in  regulation.  Core 
type  is  much  preferable  from  the  more  important  standpoint  of 
insulation.  M.  P.  R.,  N.  Y.  Ed.  Co. 
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B  3.  Will  a  meter-current  transformer  always  maintain  its 
oalibration  if  operated  within  its  rated  capacity? 

Yes.  J.  F.  DosTAL. 

Yes;  approximately  so.  G.  Wilbur  Hubley. 

Yes.  Thomas  S.  Richardson. 

B  4.  What  is  good  practice  in  the  way  of  inspection  of 
transformer  for  insolation,  leakage  and  weakness? 

Test  transformers  for  leakage  and  insulation  at  regular 
intervals.  G.  Wilbur  Hubley. 

Transformers  ought  to  be  given  a  test  for  insulation  re- 
sistance and  disruptive  strength  of  insulation  that  is  not  less 
searching  than  the  standard  recommended  by  the  American  In- 
stitute of  Electrical  Engineers.  A  report  upon  the  subject  may 
be  found  in  volume  19  of  the  Transactions  of  the  American 
Institute  of  Electrical  Engineers.  On  pages  1084  and  1085  of 
that  voliune  will  be  found  the  matter  particularly  inquired  about. 
A  pamphlet  copy  of  the  report  can  probably  be  obtained  from 
Mr.  Ralph  W.  Pope,  secretary,  95  Liberty  street,  New  York  city. 

By  "leakage"  the  inquirer  probably  means  the  magnetizing 
current  of  the  transformer.  This  should  be  quite  small,  but  it 
is  of  much  less  importance  than  the  losses  of  energy  due  to 
hysteresis  and  eddy  currents,  which  contribute  to  the  exciting 
current.  These  should  be  measured  by  a  wattmeter  in  the  simple 
manner  that  has  been  made  known  through  various  publications. 

DuGALD  C.  Jackson. 

B  5.  (a)  Do  you  test  transformers  before  placing  them  on 
the  line  and  at  intervals  after  they  have  been  in  service?  (b) 
How  are  the  records  of  such  tests  kept? 

(a)  Yes,  both  an  insulation  and  loss  test.  These  tests  are 
made  upon  every  set  and  removal,  but  not  while  in  service, 
(b)  For  samples  of  records  see  answer  to  question  X  4,  by 
H.  S.  Russell.  C.  F.  Haywood. 
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We  test  all  new  transformers  and  keep  record  of  tests  on 
card  shown  herewith.    Whenever  a  transformer  is  changed  for 


Tr*n«fotmer  No. 

TRANSFORMER  CARD 

Date  Bcuzht                            Coet 

Type  of  Primary  Fuaet 

Type  of  Lightnins:  Arresters 



2  wire 
Supplies  3  wire  Service 

Neauvst  Ground  on  Neutral 

Cuts  in  with  Tranaformer 

Nos. 

Remarics 

1 
\ 

1 

Qrcuit  No. 

Locarton 

Date  Installed 

Date  Removed 

Cause  of  Removal 

<        ^ 

1                                                                                                   ;OVER.> 

Transformer  No. 


Capacity 


TRANSFORMER  CARD 


Make 


Typ« 


Maker's  No. 


Watts         Primary  Vofts 


Secondary  Volts 


TEST  RECORD. 

Insulators,  Primary  to  Secondary  and  to  Core  Tested  at 
Secondary  to  Core **      ** 


Volts 


44 


Core  \jy%'\ 


Watts  Exciting  Current 


^m^ 


Copper  Loss  at  Full  Load 

Regulation Volts  en  Secondary 


Watts 


Per  Cent . 


AU  Day  Efficiency 


Per  Cent. 


Heat  Test: -.Rise  in  Temperature.  8  Hrs.  Full  Load 


Degrees  C 


DaU 


\  Signed 


8  7et«3-7 


TN(  tkOtc-wcMicn  se.   oh't.h.v.  *  cm. 


any  cause  a  similar  test  is  made  on  it,  but  we  do  not  make  any 
attempt  to  test  all  transformers  at  regular  intervals. 

S.  R.  Inch. 
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(a)  Yes;  in  all  cases,  (b)  The  records  of  each  test  are 
properly  recorded  from  time  to  time  and  kept  on  file. 

G.  Wilbur  Hubley. 

Tested  before  installation  and  each  time  they  are  brdught 
to  station  when  making  changes.  Do  not  find  it  necessary  to  test 
on  the  line.    (Overhead  lines  and  grounded  secondaries.) 

M.  P.  R.,  N.  Y.  Ed.  Co. 

B  6.  What  is  the  liability  of  puncturing  the  insolation 
between  the  primary  and  secondary  coils  of  a  meter-current  trans- 
former by  opening  the  secondary  circuit  with  a  full  load  on 
the  primary? 

The  secondary  coils  of  a  current  transformer  should  never 
be  opened,  for  when  opening  the  secondary  the  voltage  rises  to 
overcome  the  resistance  and  is  Kable  to  puncture  the  insulation. 

H.  N.  Grand  ALL. 

Very  great.  The  potential  across  the  open  secondary  of  a 
500-watt  transformer,  measured  by  a  static  voltmeter,  was  4500 
volts.  C.  F.  Haywood. 

There  is  danger  of  puncturing  insulation  between  adjacent 
layers  of  either  the  primary  or  secondary,  but  no  especial  dangei 
of  puncturing  between  primary  and  secondary. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

B  7.  (a)  Is  it  good  practice  to  use  transformers  of  different 
sizes  on  an  interconnected  secondary  system,  and  how  should 
they  be  fused?  (b)  How  should  individual  transformers  be 
fused? 

(a)  We  have  found  it  quite  satisfactory,  but  try  to  get  the 
larger  transformers  together  as  much  as  possible,  (b)  We  fuse 
to  the  capacity  of  each  transformer.  We  also  fuse  our  secondar- 
ies and  branches.  L.  E.  Watson. 

We  do  not  consider  it  exactly  good  practice  to  bank  trans- 
formers of  via,rious   capacities  on  an  interconnected   secondary 
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system,  but  rather  to  select  those  of  uniform  capacity  and  type, 
using  in  the  outside  secondary  leads  of  transformers  fuses  of 
100  per  cent  overload  capacity.  W.  P.  Hazeltine. 

(a)  Yes.  (b)  Each  transformer  should  be  fused  for  its 
respective  capacify. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

(a)  Transfomiers  should  not  be  fused  on  an  interconnected 
secondary  system,  (b)  Individual  transformers  should  be  fused 
on  the  primary  and  tied  in  solidly  on  the  secondary  mains. 

W.  T.  M.,  N.  Y.  Ed.  Co. 

(a)  It  is  not  good  pr3,ctice  unless  all  the  transformers  have 
exactly  the  same  regulation,  which  is  seldom  the  case,  (b) 
With  either  banked  or  separate  transformers,  fuse  primary  side 
only,  using  fuses  one  and  a  half  to  two  times  the  capacity  of 
the  transformers.  M.  P.  R.,  N.  Y.  Ed.  Co. 

It  is  better  to  have  them  all  of  the  same  size. 

C.  W.  Koiner. 

Can  not  be  considered  as  the  best  practice,  as  the  per  cent 
regulation  is  not  always  proportional  to  the  capacity,  and  those 
of  the  best  regulation  will  take  more  than  the  proper  share  of 
the  load.  W.  H.  C. 

(a)  No.  (b)  Fuse  primaries  for  10  per  cent  more  than 
rated  output  in  watts  divided  by  primary  voltage. 

Fred  B.  Sharpe. 

(a)  It  is  not  good  practice  to  interconnect  secondaries  of 
transformers  of  different  sizes. 

(b)  Fuse  all  transformers  with  fuse  rated  at  the  amount 
of  primary  current  they  will  take  at  full  load,  or  perhaps  a  little 
over — say  10  or  15  per  cent.  H.  N.  Crandall. 

(a)  Transformers  must  be  of  one  size  and  preferably  of  one 
make. 

(b)  Fuse  for  15  per  cent  overload.       D.  Clinton  Shain. 
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It  is  not  good  practice  to  use  different  sized  transformers 
on  interconnected- secondaries,  as  the  smaller  would  suffer  from 
overload,  especially  in  the  event  of  mishap  to  any  of  the  larger 
ones.  Where  all  transformers  are  of  equal  capacity  it  is  best 
to  fuse  primaries  for  50  or  75  per  cent  overload. 

Chas.  H.  Peters. 

It  is  better  to  use  interconnected  transformers  of  the  same 
make  and  also  of  the  same  size,  though  at  the  ends  of  the  net- 
work smaller  ones  may  be  used  which  will  keep  up  the  pressure 
at  those  points. 

We  connect  the  transformers  solid  to  the  secondary  three 
wires  and  fuse  onlv  the  outside  wires  between  transformers. 
We  inspect  all  primary  fuses  after  every  electrical  storm. 

A.  R.  MacKinnon. 

(a)  Yes.  Primaries  fused  to  200  per  cent  load.  Secondaries 
not  fused  except  by  junction  fuses  half-way  between  trans- 
formers. 

(b)  Individuals  should  have  primaries  fused  to  200  per 
cent  load,  secondaries  not  fused.  C.  F.  Haywood. 

Yes.  For  lighting  loads  transformers  can  be  fused  foi 
100  per  cent  overload.  J.  F.  Dostal. 

It  is  best  practice  to  maintain  the  same  types  and  similar 
sizes  of  transformers  on  respective  sections  of  interconnected 
secondary  system.  G.  Wilbur  Hubley. 

(a)  Large  numbers  of  such  transformers  are  used  in  this 
way  with  perfect  results.  Transformers  are  fused  ort  primary 
side  only  for  100  per  cent  overload,  and  in  proportion  to  their 
size,  (b)  Individual  transformers  fused  for  100  per  cent  over- 
load is  good  practice 

The  Edison  Elec.  Ili/g  Co.  of  Boston. 

It  is  better  to  limit  a  *bus  line  to  a  single  transformer,  as 
trouble  on  one  transformer  out  of  several,  causing  it  to  burn 
out  or  fuses  to  blow,  will  throw  an  excessive  load  on  the  other 
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transformers,  thus  increasing  the  tendency  for  the  service  to  be 
interrupted,  whereas  with  the  single  transformer  only  the  in- 
dividual 'bus-line  service  will  be  interrupted. 

Douglass  Burnett. 


B  8.  (a)  How  shonld  the  sizes  of  transformers  and  second- 
ary mains  be  determined?  (b)  What  are  the  limits  of  economy 
in  substituting  large  transformers  for  smaller  ones? 

(a)  The  size  of  transformers  and  mains  should  be  deter- 
mined by  the  density  of  the  load.  As  few  sizes  should  be  used 
as  possible.  One  size  wire,  either  No.  6  or  No.  4,  can  be  used 
for  practically  all  residence  districts,  and  two  or  three  sizes, 
say  No.  2,  No.  o.  No.  0000,  for  business  districts,  (b)  Size 
of  transformers  should  be  about  in  proportion  to  size  of  wire, 
say,  3  to  S-kw  on  No.  6  and  25  to  50-kw  on  No.  0000,  the  dis- 
tance between  transformers  depending  on  the  density  of  load. 

The  Seattle  Elec.  Co. 

• 

The  sizes  of  transformers  and  secondary  mains  can  be  deter- 
mined from  the  nature  of  the  business.  If  in  a  residence  section 
a  smaller  transformer  per  kilowatt  would  be  required  than  in  a 
business  section,  also  smaller  mains,  provided  the  load  is  metered. 

D.  Clinton  Shain. 

£  9.  Is  it  good  practice  to  bank  transformers  in  other 
than  very  thickly  settled  districts;  for  example,  in  a  district 
four  blocks  square,  supplying  SO  customers? 

ShouH  not  say  it  was  good  practice  to  use  a  bank  of  trans- 
formers unless  the  load  was  so  great  as  to  go  beyond  the  capacity 
of  the  largest  transformer  that  could  be  bought.  We  are  using 
for  pole  work  transformers  of  100  kilowatts  with  good  results. 
Some  of  these  transformers  have  been  in  use  for  six  vears 
supplying  Edison  three-wire  system  without  any  attention  what- 
ever. Jas.  B.  Foote. 

No.  Fred  B.  Sharpe. 
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It  depends  entirely  upon  local  conditions. 

D.  Clinton  Shain. 

No;  it  is  not  good  practice  to  bank  transformers.  In  such 
case  it  would  be  better  to  connect  them  separately  if  possible. 

Lee  Jernigan. 

Yes,  if  proper  distribution  of  secondaries  is  maintained. 

G.  Wilbur  Hubley. 

A  district  four  blocks  square  containing  fifty  customers  is  a 
very  favorable  density  of  load  for  secondary  network  system. 

The  Edison  Elec.  Ill^g  Co.  of  Brockton. 

It  IS  generally  better  practice  not  to  bank  transformers,  but 
each  transformer  should  feed  as  many  customers  as  is  consist- 
ent with  good  regulation  and  economy  of  construction  and  opera- 
tion. M.  P.  R.,  N.  Y.  Ed,  Co. 

The  investment  necessary  for  the  various  methods  of  instal- 
lation should  be  studied  for  such  a  case,  and  the  one  chosen  which 
after  all  factors  are  considered  will  give  the  largest  return  for 
the  money  invested  and  the  nature  of  the  load  and  number  of 
customers,  must  in  most  cases  be  the  controlling  factor. 

The  Edison  Elec.  Ill^g  Co.  of  Boston. 

£  10.  (a)  How  much  transformer  capacity  shonld  be  allowed 
for  satisfactory  motor  service  ?  (b)  Should  lights  and  power  be 
served  from  the  same  transformer? 

(a)  Transformer  capacity  equal  in  amount  to  rated  motor 
load  should  be  provided,  (b)  Lights  may  be  served  from 
the  same  transformer  as  motors,  provided  the  motor  load  is  a 
fairly  steady  one,  such  as  factory  or  shop  work. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

(a)  Allow  one  kilowatt  of  transformers  to  one  horse-power 
of  motors  except  for  elevator  and  other  variable-speed  motors, 
for  which  it  is  generally  advisable  to  install  larger  transformers, 
(b)   Lights  and  motors  may  be  run  from  same  transformers  if 
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largest  motor  is  not  more  than  half  of  transformer  capacity  and 
motors  are  not  started  oftener  than  twice  a  day, 

M.  P.  R.,  N.  Y.  Ed.  Co. 

(a)  One  kilowatt  per  horse-power  installed  is  very  satis* 
factory  for  motor  service,  (b)  Lights  are  very  satisfactorily 
supplied  from  same  transformer  as  power  if  the  transformer 
has  good  regulation  on  inductive  loads. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Oudin  Standard  Polyphase  Apparatus  and  Systems,  fourth 
edition,  1904,  page  86:  "This  means  that  the  transformer,  sup- 
plying current  to  induction  motors  of  average  sizes,  must  have  a 
capacity  of  one  kilowatt  for  every  horse-power  output  of  the 
motors."  See  also,  Foster's  Hand  Book,  third  edition,  1904,  page 
127,  to  the  same  effect.  Alex.  J.  Campbell, 

Transformers  should  be  of  one-kilowatt  for  each  horse- 
power of  the  motor.  C.  W.  Koiner. 

(a)  One  thousand  watts  per  horse-power,    (b)   No. 

F.  C.  S.,  Malden  Elec.  Co. 

(a)  Not  less  than  one-kilowatt  and  in  some  cases  as  high 
as  1.5-kw  for  individual  sets  for  one-hp  motors,  (b)  Should 
consider  it  safe  to  put  motors  on  lighting  transformers  if  starting 
current  of  motors  does  not  exceed  50  per  cent  of  capacity  of 
transformers  connected;  otherwise  not.  W.  H.  C. 

(a)  One  kilowatt  per  horse-power  connected. 

(b)  Yes,  if  secondaries  are  of  ample  size  and  regulation 
is  good.  D.  Clinton  Shain. 

(a)  One  kilowatt  of  transformer  capacity  per  horse-power. 

(b)  Lights  and  power  from  the  same  transformer  is  com- 
mon practice  and  very  satisfactory.  H.  J.  Meyer. 

(a)  One-kilowatt  transformer  capacity  should  be  allowed 
for  each  horse-power  of  motor  in  use.  (b)  Ordinarily  there  is 
no  objection  to  the  use  of  lights  from  the  same  transformer. 

A.  R.  MacKinnon. 
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For  alternating-current  single-phase  motors,  install  trans- 
formers double  the  capacity  of  the  motors  connected.  If  motqr 
load  is  but  a  small  percentage  of  the  lighting  load  connected, 
or  if  former  is  used  only  in  the  daytime,  the  same  transformer 
can  serve  both;  otherwise  set  a  separate  transformer  for  the 
motor.  Warren  Partridge. 


This  depends  on  power  factor,  but  ordinarily  one-kilowatt 
transformer  capacity  should  be  installed  per  horse-power  of 
motor  installation.  Separate  transformers  should  be  employed 
to  serve  lighting  circuits.  G.  Wilbur  Hubley. 

Light  and  power  may  be  served  from  the  same  transformer 
when  the  conditions  of  power  service  are  such  as  not  to  inter- 
fere with  lighting  regulation.  Allow  single-phase  motors  up  to 
five  horse-power.  Douglass  Burnett. 

B  11.  On  a  three- wire  secondary  line,  110-220  volts,  3000 
feet  long,  there  are  two  transformers  of  30  kilowatts  each, 
located  respectively  750  feet  from  either  end  of  the  secondary 
line.  Both  transformers  are  supplied  with  current  from  the 
same  primary  circuit.  The  maximum  load  at  any  one  time  is 
very  close  to  1500  16-candle-power  lamps.  The  proportion  of  thib 
load  located  on  either  side  of  a  point  half  way  between  the  two 
transformers  at  any  time  does  not  exceed  60  per  cent  of  the 
total  load  of  the  entire  secondary  circuit.  Is  it  better  to  operate 
these  two  transformers  in  multiple  on  a  continuous  secondary 
circuit,  or  is  it  better  practice  to  cut  the  secondary  circuit  at  a 
point  half  way  between  the  two  transformers  and  operate  the 
secondary  as  two  separate  circuits,  each  one  fed  by  one  of  the 
above-mentioned  transformers? 

Better  cut  the  secondary  and  let  each  transformer  carry  its 
own  load.  M.  P.  R.,  N.  Y.  Ed.  Co. 

Very  little  difference  as  to  economy  of  operation  in  the  two 
methods,  but  a  considerable  difference  as  to  reliability  and  quality 
of  service. 

The  Edison  Elec.  Ill'g  Co.  of  Bostox. 
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Use  a  continuous  secondary  circuit  with  the  two  trans- 
formers in  multiple.  J.  F.  Dostal. 

If  the  secondary  circuit  were  cut  the  danger  of  all  the  load 
being  thrown  on  one  transformer,  blowing  its  fuses  and  putting 
the  entire  street  in  darkness,  would  be  done  away  with.  Again, 
if  the  two  are  connected  in  multiple  and  fuses  blow,  the  primary 
circuit  must  be  cut  off  to  enable  transformers  to  be  re-fused, 
whereas  if  circuits  are  separate  this  is  not  necessary.  I  should 
say  in  this  case,  cut  the  circuit.  A.  Peters, 

It  would  be  better  to  operate  the  two  connected.  In  the  event 
of  one  breaking  down  the  other  would  serve  to  supply  the  custo- 
mer while  repairs  are  being  made,  and  the  niunber  of  lights 
used  could  be  decreased  to  prevent  overload.       C.  W.  Koiner. 

Best  to  keep  the  two  transformers  on  the  continuous  sec- 
ondarv  circuit.  G.  H.  Cushman. 

The  fact  that  a  load  of  1500  i6-cp  lamps  is  supplied  from 
two  30-kw  transformers,  shows  these  transformers  to  be  about 
40  per  cent  overloaded  at  maximum.  Under  such  conditions,  it 
would  be  extremely  difficult  to  adjust  primary  voltage  on  this 
circuit  so  as  not  to  run  over  voltage  into  nearby  transformers, 
which  might  not  be  running  on  overload,  and  thereby  straining 
lamps  connected  with  them.  As  it  is  next  to  impossible  to  get 
anything  like  uniform  voltage  on  individual  secondaries  fed 
from  same  primary,  by  all  means  connect  secondaries  together, 
but  have  transformers  of  similar  capacity,  and  be  sure  that  pri- 
maries and  secondaries  are  so  connected  as  not  to  create  opposi- 
tion. Chas.  H.  Peters. 

Should  connect  the  transformers  in  multiple  to  the  sec- 
ondaries so  that  the  lightly-loaded  end  of  transformer  could  help 
cut  the  other.  A.  R.  MacKinnon. 

Under  conditions  noted  should  consider  it  better  practice 
to  cut  secondary  circuit  and  operate  as  two  separate  and  in- 
dependent circuits.  G.  Wilbur  Hubley. 
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Operate  the  'bus  line  as  two  separate  circuits. 

Douglass  Burnett. 


B  12.  What  amoimt  of  overloading  of  transformers  on  peak 
load  will  give  the  best  all-day  efficieney?  What  per  cent  over- 
load is  safe  or  eoonomioalT 

Do  not  consider  that  overloading  transformer  is  desirable 
from  the  standpoint  of  regulation.  Most  complaints  of  low 
voltage  in  houses  are  of  service  during  peak  hours.     W.  H.  C. 

Twenty-five  per  cent.  C.  W.  Koiner. 

About  75  per  cent.  G.  H.  Cushman. 

Transformers  up  to  20-kw  sizes  can  safely  be  carried  on  a 
20  per  cent  overload  during  the  peak  of  the  load  in  summer  and 
from  30  to  40  per  cent  overload  in  winter.  J.  F.  Dostal. 

Should  not  exceed  50  per  cent  overloading  on  transformers 
for  period  of  peak  load  if  time  does  not  exceed  half  hour;  if 
longer  period,  should  limit  overloading  to  25  per  cent. 

G.  Wilbur  Hubley. 

We  consider  50  per  cent  overload  on  peak  as  reasonably 
safe.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Thirty  to  40  per  cent  overload  at  peak  will  not  injure  a  good 
transformer,  and  this  condition  gives  about  the  best  all-day 
efficiency.  M.  P.  R.,  N.  Y.  Ed.  Co. 

For  short  peak-load  periods,  one  to  two  hours,  50  per 
cent  overload  is  safe  and  is  the  maximum  overloading  that 
should  be  allowed  for  economical  operation. 

The  Edison  Elec,  Ill'g  Co.  of  Boston. 

B  13.  Wliat  reasons  have  led  to  the  recent  increase  in 
insulation  in  transformers?  This  has  been  noticed  particularly^ 
in  10-kw  apparatus. 


.M 
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In  all  probability  increased  insulation  is  the  outcome  of 
grounding  transformer  secondaries.  It  is  evident  that  if  trans- 
formers with  grounded  secondaries  are  active  during  severe 
lightning  storms,  and  primaries  become  affected,  there  is  every 
inducement  for  a  static  discharge  between  primary  and  secondary 
windings  at  their  commencement,  which,  being  followed  by  cur- 
rent, would  soon  break  down  the  best  insulation. 

Chas.  H.  Peters. 

There  are  two  reasons  why  I  think  there  is  a  tendency  to 
increase  the  insulation  between  primary  and  secondary  of  a 
transformer : 

First — For  public  safety. 

Second — For  life  of  transformer.  E.  F.  Legge. 

B  14.  Bo  we  not  pay  too  much  for  high  eAdencj  in  the 
trantformer  and  would  not  a  slight  inorease  in  the  power  loM 
effeot  a  great  saving  in  first  oost  and  interest? 

At  a  bare  production  cost  of  1.5  cents  per  kilowatt-hour,  a 
change  of  one  per  cent  in  the  loss  of  a  looo-watt  transformer 
amounts  to  $1.31  per  annum,  which  at  a  15  per  cent  interest  and 
depreciation  charge  is  equivalent  to  an  investment  of  $8.74. 
In  other  words,  for  every  tenth  of  one  per  cent  gain  in  trans- 
former efficiency,  we  can  afford  to  pay  an  additional  first  cost 
of  87.4  cents  per  kilowatt  capacity.  Warren  Partridge. 

This  is  a  question  dependent  entirely  upon  local  conditions, 
cost  of  fuel,  et  ccetera.  J.  Wilbur  Hubley. 

As  the  construction  of  transformers  is  purely  a  technical 
proposition  from  the  standpoint  of  efficiency  and  as  engineers  are 
always  striving  for  the  best,  it  would  be  a  bad  idea  for  the 
customer  to  be  satisfied  with  anything  but  the  best,  and  the 
actual  cost  of  construction  of  transformers  slightly  lower  in 
efficiency  than  the  best  now  offered  would  be  little  different 
from  those  at  present  on  the  market.  F.  G.  Proutt. 

Determine  the  reply  in  the  same  way  that  you  would  the 
cost  and  efficiency  of  station  machinery  for  your  steady  load 
V.  2 — 20 
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versus  your  peak  load.  The  highest  efficiency  is  required,  and 
the  greatest  cost  warranted,  in  the  transformers  that  handle  a 
steady  load.  Douglass  Burnett. 

B  16.  Are  transformen  as  effioient  when  wound  for  8000 
to  16,000  alternations  without  changing  the  primary  conneo- 
tions  as  transformers  that  are  wound  for  one  frequency  onlyt 

Generally,  transformers  built  for  low  frequency  are  more 
♦efficient  when  operated  on  a  higher  frequency,  and  the  contrary 
is  true  with  transformers  built  for  high  frequency  on  low- 
irequency  systems.  W.  H.  C. 

Transformers  are  more  efficient  when  wound  for  the  fre- 
quency at  which  they  are  to  be  operated.       H.  N.  Crandall. 

No.  Harry  M.  Hope, 

More  efficient  when  designed  for  one  frequency  only. 

G.  Wilbur  Hubley. 

E  16.  In  changing  over  an  llOO-volt,  single-phase  system 
to  2200  ToltSy  is  it  practical,  safe  and  economical  to  take  two 
transformers  of  the  same  size  and  type,  connect  the  primaries  of 
the  two  in  series  and  parallel  the  secondaries? 

In  changing  from  the  iioo-volt  system  to  2200  volts,  it 
would  probably,  for  several  reasons,  figure  out  a  good  investment 
to  scrap  or  trade  the  old  transformers,  replacing  same  with  those 
of  a  larger  and  more  modern  type.  With  some  of  the  older  types, 
it  would  not  be  possible  to  successfully  connect  two  11 00- volt 
transformers  in  series  across  2200-volt  lines,  to  operate  on  a 
three-wire  secondary  system,  which  it  would  appear  advisable 
to  install  in  connection  with  above-noted  change  of  transformers. 

W.  P.  Hazeltine. 

No.  F.  C.  S.,  Malden  Elec.  Co. 

It  is  not  economical  to  use  two  transformers  where  one  will 
"do  and  it  is  done  only  where  transformers  are  too  good  to  dis- 
card when  such  changes  are  made.  C.  W.  Koiner. 
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It  is  feasible,  probably  safe,  but  not  efficient  or  in  line  with 
good  practice.  W.  H.  C. 

You  will  be  perfectly  safe  in  adopting  this  arrangement. 

A.  Peters. 

Yes.  Fred  B.  Sharpe. 

It  is  safe  to  connect  two  1 100- volt  transformers  with  pri- 
maries in  series  on  2200-volt  circuit,  but  is  not  practical  or 
economical  when  the  cost  of  the  transformers  is  considered. 

H.  N.  Crandall. 


Yes,  it  is  quite  practical  to  connect  the  two  transformer 
primaries  in  series  and  their  secondaries  in  parallel,  provided 
secondaries  are  connected  in  proper  order ;  but  it  must  be  remem- 
bered that  old  transformers  are  seldom  economical  to  use. 

Chas.  H.  Peters. 

Yes ;  it  is  safe  to  take  two  i  loo-volt  transformers  and  con- 
nect their  primaries  in  series  and  their  secondaries  in  parallel, 
and  use  them  on  a  2200-volt  primary.    It  is  often  practiced. 

Lee  Jernigan. 

It  is  practical  and  safe,  but  not  economical. 

G.  H.  CUSHIIAN. 

It  is  entirely  practical  and  economical,  and  we  consider  it 
safe,  as  they  will  be  operating  only  on  their  rated  voltages. 
However,  the  transformer  losses  will  be  greater  than  with  one 
transformer.  A.  R.  MacKinnon. 

This  has  been  done  in  emergencies,  or  as  a  sort  of  makeshift, 
but  such  a  system  will  have  heavy  core  losses. 

J.  F.  DOSTAL. 

It  is  practical,  but  not  economical  or  desirable  as  a  per- 
manent propositfon.  G.  Wilbur  Hubley. 
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In  view  of  the  generous  allowances  the  manufacturers 
usually  made  for  old  transformers,  we  would  suggest,  in  the 
case  mentioned,  exchanging  the  old  transformers  for  new  ones 
of  2200-volt  primaries. 

The  Edison  Elbc.  Ill'g  Co.  of  Brockton. 


The  method  suggested  would  be  entirely  practical  and 
entirely  safe,  but  not  economical.  F.  G.  Proutt. 

This  is  very  bad  practice  from  the  point  of  safety,  but  from 
the  point  of  economy  little  can*  be  said  against  it. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

B  17.  What  oanses  a  transformer  to  generate  static  cuv 
rent  which  aiteots  the  secondary  oircnit  to  the  extent  that  a 
person  can  not  handle  a  chandelier  or  desk  fan  without  receiving 
a  severe  shock  t 

I  should  imagine  that  the  trouble  comes  from  the  secondary 
wires  of  that  particular  transformer  being  crossed  with  high- 
tension  wires  somewhere — ^probably  series  arc.  J.  F.  C. 

Never  heard  of  such  a  case  with  a  good  transformer. 

W.  H.  C. 

Capacity  effect,  which  could  be  relieved  by  lightning  ar- 
resters on  line.  G.  Wilbur  Hubley. 

We  think  it  probable  that  the  shocks  in  question  were  due 
either  to  a  ground  on  the  secondary  circuit  or  to  a  static  charge 
generated  by  friction  of  electricity  caused  by  the  individual 
walking  over  a  thick  carpet  or  other  rough  substance.  We  en- 
countered numerous  cases  of  the  latter  kind  during  the  past 
winter  on  account  of  exceptionally  cold,  dry  weather. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

Primary  current  may  be  leaking  into  secondary. 

The  Seattle  Elec  Co. 
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You  will  find  your  transformer  defective.  You  are  getting 
current  from  the  primary  circuit,  and  the  transformer  should  be 
put  out  of  service  to  avoid  accidents.  E.  A.  Bechstein. 

E  18.  (a)  Does  a  transformer  oil  deteriorate  throng^  use 
and  to  what  extent?  (b)  What  are  the  results  of  immersing 
insulation  in  oil  for,  say,  five  years? 

I  do  not  know  that  it  deteriorates,  but  it  does  evaporate  from 
ic  to  25  per  cent  per  annum.  In  my  judgment,  transformer  coils 
once  oiled  should  always  be  oiled,  as  the  heat  has  a  very  bad 
eflfect  on  insulation  that  has  once  been  immersed  in  oil  and 
allowed  to  go  dry.  J.  F.  C. 


(a)  Nothing  to  speak  of.  (b)  I  have  a  40-kw  transformer 
that  has  been  in  service  five  years  with  same  oil;  insulation  is 
as  bright  and  pliable  as  the  day  it  was  installed. 

Fred  B.  Sharpe. 


(a)  The  oil  gradually  deteriorates  and  should  be  changed  at 
intervals  of  about  three  years. 

(b)  The  effect  of  oil  on  insulation  seems  to  be  a  preservative 
one  rather  than  otherwise.  It  prevents  insulation  from  becoming 
dry  and  brittle  and  therefore  maintains  its  life  and  insulating 
qualities.  G.  Wilbur  Hubley, 

B  19.  (a)  Have  you  been  compelled  to  place  oonstant-our^ 
rent  transformers  in  separate  rooms,  on  account  of  insurance 
rules?  (b)  Do  you  miAe  provision  for  draining  the  oil  from 
these  transformers  in  case  of  fire? 

(a)  No.    (b)  No.  F.  C.  S.,  Malden  Elec.  Co. 

(a)  No.     (b)  No.  Andrew  F.  Hall. 

(a)  No.    (b)  No.  F.  Ellwood  Smith. 
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B  20,  (a)  Wliat  ii  ooniidered  fhe  best  praotioe  in  pro- 
tertiiig  traniformers  from  lightningi— Udk  ooils  or  lightning 
arresters,  or  some  of  eaoht  (b)  Wliat  form  of  gronnd  is  effioient 
and  least  expensive  to  install  t 

(a)  Use  both  choke  coils  and  arresters  on  high-tension  line. 

(b)  Make  ground  of  copper  plate  about  three  feet  by  two 
feet ;  sink  into  good  damp  earth  and  lay  on  a  bed  of  coke,  broken 
tine,  more  coke  being  placed  on  top,  then  earth  filled  in.  Keq> 
ground  wire  as  straight  as  possible ;  never  allow  short  kinks  or 
turns  in  it.  A.  Peters. 

(a)  Lightning  arresters,  (b)  Two-inch  pipe  driven  into 
the  ground  until  permanent  moist  earth  is  met  with. 

F.  C.  S.,  Malden  Elec.  Co. 

It  is  not  current  practice  to  use  kick  coils  in  connection  with 
lightning  arresters  for  the  protection  of  transformer.  The 
arresters  are  used  alone  and  the  ordinary  line  lightning  arresters 
are  used  for  this  purpose.  Kicking  coils  are  used  in  stations, 
however.  C.  W.  Koiner. 

Transformer  windings  themselves  are  practically  equivalent 
to  kicking  coils,  and  if  the  line  is  properly  protected  with 
arresters  no  extra  precautions  are  commercially  necessary. 

W.  H.  C 

(a)  We  are  using  both  on  same  lines  and  have  had  very 
little  trouble. 

(b)  One-half  bushel  pulverized  charcoal  or  coke  five  feet 
in  ground  covering  good  copper  plate  soldered  to  wire. 

Andrew  F.  Hall. 

(a)  Lightning  arresters,     (b)  Copper-plate  ground. 

Fred  B.  Sharpe. 

va)  Both  lightning  arresters  and  choke  coils  should  be 
ased.  The  best  is  none  too  good,  (b)  A  copper  plate  sur- 
rounded by  gas  coke  to  insure  moisture  is  probably  the  best. 

Harry  M.  Hope. 
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(a)  If  secondaries  are  not  grounded,  transformer  windings 
will,  in  themselves,  act  as  efficient  kicking  coils.  In  cases  of 
severe  electric  storms,  such  as  we  experience  in  the  mountains, 
we  have  often  found  the  kick  of  these  windings  so  strong  that 
heavy  insulator-type  primary  fuse  blocks  would  be  shattered 
into  fragments  and  the  metal  fused  together,  leaving  trans- 
former windings  apparently  uninjured.    Be  liberal  with  arresters. 

(b)  Good  grounds  are  not  easily  made  and  maintained. 
Water  is  the  best,  if  handy  and  permanent.  A  good  ground  in 
dry  localities  is  made  by  digging  a  hole  deep  enough  to  get 
into  a  little  moisture,  taking  a  sheet  of  copper  not  less  than  20 
inches  square  by  one-thirty-second-inch  thick,  to  which  is  riveted 
and  soldered  a  piece  of  No.  o  copper  wire,  or,  better  still,  two 
such  wire  connections  extending  above  ground.  Bend  sheet  into 
the  form  of  a  cylinder,  and,  when  in  place,  pack  inside  and  out- 
side of  it  with  crushed  coke  until  plate  is  well  covered,  then 
fill  in  with  dirt.  Chas.  H.  Peters. 


(a)  We  use  both,  (b)  For  a  ground  we  use  a  galvanized 
pump-rod  half  an  inch  in  diameter  and  about  twenty-five  feet 
long,  which  we  drive  down  beside  the  pole,  soldering  the  wire  to 
the  rod  at  the  top  of  the  ground.  L.  E-  Watson. 

(a)  Lightning  arresters  give  the  best  results,  as  the  trans- 
formers act  as  kick  coils.  With  the  transformers  acting  as  kick 
coils,  the  lightning  arresters  are  needed  to  remove  the  lightning 
from  the  wires  before  it  reaches  the  transformer. 

(b)  A  good  ground  can  be  made  by  burying  two  sheets  of 
one-sixteenth-inch  by  three-feet  by  three-feet  galvanized  sheet- 
iron,  four  or  five  feet  under  the  surface  of  the  ground,  and 
having  same  connected  together  and  to  the  lightning  arrester 
by  a  No.  6  copper  wire.  A.  M.  Cover. 

(a)  Efficient  line  lightning  arresters  on  basis  of  four  per 
mile  give  good  protection.  The  use  of  kick  coils  and  station 
lightning  arresters  furnishes  additional  protection,  (b)  A  16- 
foot  leng^  of  galvanized-iron  pipe  driven  into  ground  to  depth 
of  10  feet  alongside  of  pole  forms  a  good  ground  when  con- 
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nected  by  No.  4  copper  wire  lead  from  lightning  arresters.  The 
question  of  securing  good  ground  is  one  of  local  conditions 
however.  G.  Wilbur  Hubley. 


B  21.  Is  grounding  the  neutral  of  a  three-wire  secondary 
system  found  to  break  down  many  transformers  by  lifi^tningT 

Grounded  secondaries  ought  not  to  cause  much  trouble  from 
lightning  if  grounding  is  properly  done  and  single-gap  arresters 
are  installed  plentifully  from  neutral  to  outer  wires. 

W.  H.  C. 

No.  G.   H.  CUSHMAN. 

If  the  primary  wires  are  not  well  protected  by  lightning 
arresters  a  grounded  neutral  of  the  secondary  will  aid  in  a 
breakdown  of  the  transformer,  caused  by  lightning  coming  in 
on  the  primary  wires  and  jumping  to  the  grounded  secondary. 
This  causes  an  arc  which  breaks  down  the  transformer. 

A.  M.  Cover. 

In  four  years'  service  have  not  experienced  any  breaking 
down  of  transformers  by  the  grounded  neutral  of  a  lengthy 
three-wire  secondary.  C.  C.  Gartland. 

Grounding  the  neutral  of  a  three-wire  secondary  system  is 
entirely  satisfactory  in  every  way.  If  it  resulted  in  the  breaking 
down  of  insulation  in  the  transformer  it  would  still  be  desirable, 
as  transformers  that  would  not  stand  service  when  connected 
up  with  grounded  neutral  should  not  be  used  at  all. 

F.  G.  Proutt. 

No.  W.  T.  M.,  N.  Y.  Ed.  Co. 

Six  years*  experience  with  grounded  secondaries  has  not 
shown  any  increase  in  transformer  burnouts  from  this  cause. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

Our  neutral  wire  is  grounded,  and  during  the  past  three 
years,  although  we  are  situated   in  the   Rocky  mountains  and 
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therefore  particularly  liable  to  lightning  storms,  we  have  lost 
only  one  transformer  from  this  cause;  this  transformer  was  of 
the  shell  type  and  probably  not  so  well  insulated  between  primary 
and  secondary  as  a  core  type  transformer  would  be. 

S.  R.  Inch. 


B  22.  (a)  Is  it  advisable  to  ground  a  transformer  where 
using  the  two-wire  system,  and  (b)  is  the  efficiency  aitected  if 
the  primary  or  secondary  coils  are  connected  in  series? 

Yes,  by  all  means  ground  all  secondary  two-wire  systems 
on  one  side  with  single-gap  arrester  across  mains.  Never  force 
a  static  charge  taken  up  by  one  side  to  traverse  the  secondary 
of  a  transformer  or  the  meter  shunt  coils  or  lamps  in  a  house 
in  order  to  get  to  ground.  W.  H.  C. 


Do  not  consider  it  good  practice  to  ground  transformers 
on  two-wire  system.  G.  Wilbur  Hubley. 

(a)  It  is  advisable  to  ground  transformers  on  two- wire 
systems,  (b)  Efficiency  of  a  transformer  is  independent  of 
method  of  connection,  provided  voltage  per  coil  is  normal. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 


The  secondary  wires  of  all  transformers  whether  two  or 
three  wires  should  be  grounded.  The  cost  is  not  excessive  and 
the  insurance  derived  in  this  way  from  liability  to  accidents  on 
customers  premises  is  worth  many  times  the  cost  of  the  ground 
connection.  F.  G.  Proutt. 


(a)  Yes.  (b)  Efficiency  is  not  affected  in  any  way  by 
such  connections  as  are  spoken  of.       W.  T.  M.,  N.  Y.  Ed.  Co. 

fa)  It  is  always  advisable  to  ground  secondaries  of  custo- 
mers' transformers,  (b)  Efficiency  should  be  the  same  whether 
coils  are  in  multiple  or  in  series.  M.  P.  R.,  N.  Y.  Ed.  Co. 
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E  23.  Shonld  not  the  grounded  ^'Y"  oonneotion  be  required 
in  transformation  from  high-voltage  to  low-voltage  distribution 
ssrstem,  as  a  matter  of  safety  to  life  as  well  as  property? 

As  a  safety  precaution,  yes.  G.  Wilbur  Hubley. 

Grounding  the  neutral  of  the  high-tension  side  of  Y-con- 
nected  transformers  does  not  protect  the  low-tension  side  from 
trouble  resulting  from  crosses  between  primary  and  secondary. 

The  Seattle  Elec.  Co. 


In  all  transformers  from,  say,  iioo  volts  up,  a  grounded 
neutral  is  a  wise  precaution  against  breakdown  of  insulation  in 
transformers  and  cross  between  primary  and  secondary  wiring 
outside  of  transformers.  With  high-tension  transmission  sys- 
tems it  may  be  preferable  to  ground  through  a  spark  gap,  in 
order  to  relieve  the  windings  of  unnecessary  strain. 

There  have  been  a  number  of  decisions  of  the  court  in  the 
last  few  years  holding  lighting  and  power  companies  responsible 
for  damages  resulting  from  the  introduction  of  primary  current 
on  the  secondary  wiring,  the  point  made  by  the  prosecution  being 
that  where  absolute  means  of  protection  are  well  known  to  the 
art  and  can  be  applied  at  reasonable  cost,  the  defendant  was 
obligated  to  adopt  such  precaution,  or  in  case  he  should  not  see 
fit  to  do  so,  to  be  held  responsible  for  damages  resulting  from  his 
neglect.  M.  Carrington. 

In  general,  it  is  safer  both  to  life  and  to  property  to  ground 
the  low-tension  distribution  system  when  there  is  transformation 
from  a  high-voltage  line.  If  the  low  tension  is  Y-connected  the 
ground  connection  should  preferably  be  made  at  the  middle 
point.  If  a  three-phase  secondary  circuit  is  not  Y-connected 
the  one  ground  connection  should  be  made  either  by  connecting 
one  of  the  three  wires  or  the  middle  point  of  one  of  the  three 
phases.  The  Westinghouse  Elec.  and  Mfg.  Co. 

B  24.  Has  the  oil-eooled  air-transformer  any  advantages 
over  the  air-blast  type  for  transmission-line  work  where  lightning 
distnrbanoes  are  frequent? 
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Yes.  The  well-known  tendency  of  oil  to  reinsulate  after 
puncture,  also  to  kill  the  arc  resulting  from  puncture,  provides 
a  valuable  precaution,  not  possible  with  transformers  of  the 
air-blast  type.  Furthermore,  air-blast  transformers  are  liable 
to  complete  destruction  of  windings  from  the  starting  of  an  arc, 
due  to  static  discharge.  M.  Carrington. 

Lightning  and  static  disturbances  pass  much  more  freely 
over  surfaces  in  air  than  they  do  through  solid  insulating 
material.  There  is  therefore  less  likelihood  of  discharge  taking 
place  in  an  oil-insulated  transformer  than  in  the  air-blast  type. 
Furthermore,  when  a  discharge  does  take  place  the  oil  may  heal 
the  diflBculty  and  allow  the  transformer  to  continue  to  operate. 
Numerous  cases  of  this  kind  have  occurred. 

The  Westinghouse  Elec.  and  Mfg.  Co. 

The  general  experience  has  been  that  the  oil-cooled  trans- 
former is  much  less  liable  to  be  burned  out  by  lighting. 

M.  P.  R.,  N.  Y.  Ed.  Co. 

Should  prefer  an  oil-cooled  transformer  for  all  high-tension 
work,  as  the  insulation  is  better  protected  and  better  preserved. 

N.  T.  Wilcox. 

B  26.  Wonld  it  be  feasible  to  step  down  from  a  line  press- 
ure of  10,000  volts  to  a  pressure  of  2300  volts,  transformer  to 
be  located  on  a  pole  exposed  to  the  weather  ?  This  question  arises 
in  the  case  of  a  small  town  too  far  from  the  generating  station 
to  feed  economioally  at  4000  volts,  the  load  of  which  does  not 
at  present  warrant  the  installation  of  a  substation. 

It  would  be  possible  to  locate  a  10,000-volt  to  2300-volt 
transformer  on  a  pole.  In  a  case  of  this  kind  I  should  build  a 
platform,  using  two  poles  if  necessary,  to  support  transformer, 
and  fuse  both  primary  and  secondary.  Enclose  lightning  ar- 
resters in  water  and  fireproof  box.  H.  N.  Crandall. 

There  should  be  no  reason  why  such  a  transformer  could 
not  be  operated  on  a  pole  exposed  to  the  weather,  provided  the 
wires  are  substantially  supported  and  insulated.     In  one  plant 
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with  which  the  writer  is  familiar  two  transformers  mounted  on 
poles  stepping  down  from  8800  to  2200,  have  been  in  service  for 
five  years  without  giving  any  trouble.  H.  B.  Gear. 

With  a  good  type  of  transfomjer  and  proper  construction 
this  might  give  satisfaction,  although  it  wotdd  be  best  to  have  a 
small  weatherproof  building  containing  primary  switch  and  cut- 
outs, with  lightning  arresters  at  entrance. 

Ralph  D.  Laxton. 

It  is  not  good  practice  to  step  from  10,000  volts  with  trans- 
former exposed  on  a  pole.  While  with  extra  precaution  in 
hanging  transformer  and  disposition  of  wires,  such  an  installa- 
tion might  operate  with  apparent  success,  the  risks  are  too  great 
to  be  absolutely  practicable.  Lee  Boyer. 

This  would  be  feasible.  M.  P.  R.,  N.  Y,  Ed.  Co. 

With  a  first-class  oil-insulated  and  cooled  transformer  there 
should  be  very  little  trouble  if  the  unit  is  not  too  large.  Ample 
lightning  protection  should  be  afforded,  and  transformers  should 
be  inspected  regularly.  A.  Balsley. 

It  would  be  feasible  to  locate  a  moderate-sized  transformer 
for  stepping  down  from  10,000  volts  to  2300  volts  on  a  pole, 
provided  particular  care  is  taken  in  protecting  the  transformer 
leads.  A  transformer  should  be  ordered  for  outdoor  work,  as 
some  substation  transformers  would  not  be  satisfactory  for  pole- 
line  work.  W.  G.  Carlton. 

I  see  no  reason  why  10,000  volts  can  not  be  used  on  the 
transformer  to  step  down  to  2300.  If  necessary,  additional  pro- 
tection could  be  given  to  keep  the  insulation  on  the  terminals 
from  deteriorating  due  to  exposure  to  the  air.  Of  course,  in 
work  of  this  kind,  it  is  absolutely  necessary  to  use  the  very  best 
makes  of  transformers.  N.  T.  Wilcox. 

B  26.  Have  any  members  had  trouble  with  floating-coil 
oonstant-CTirrent  transformers  ''pumping"  or  ''churning"  violently 
at  uneven  intervals?  If  so,  under  what  circumstances  or  con- 
ditions, and  what  remedy  can  be  applied? 
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We  met  this  difficiilty  by  clearing  our  circuits  of  grounds 
and  reducing  the  current  sent  out.  We  had  considerable  diffi- 
culty in  overcoming  the  trouble  and  tried  so  many  things  that  we 
are  not  exactly  sure  just  what  one  thing  remedied  the  trouble. 

P.  H.  KORST. 

• 

Have  observed  slight  tendency  to  pump,  due  to  variable 
frequency  on  transformer  operated  frcmi  inverted  rotary  con- 
verter driven  by  railway  generator.  Trouble  from  this  cause 
must,  of  course,  be  corrected  at  generating  end  of  line.  Pump- 
ing due  to  line  condensance  might  be  remedied  by  installation 
of  static  dischargers  on  secondary  line.  Systems  operating  at 
a  moderate  power  factor  are  rather  more  stable  than  those  whose 
designers  strive  for  too  much  in  this  direction. 

Ralph  D.  Laxton. 

Swing^g  grounds  or  sluggish  lamps  will  produce  this  con- 
dition; if  regulator  is  overloaded  or  oil  is  too  heavy,  the  same 
results  will  follow.  G.  E.  Palmer. 

Yes;  the  cause  was  a  swinging  partial  ground  (trees, 
et  cietera).  We  have  found  that  our  "tubs"  are  excellent  ground 
detectors.  By  trimming  all  trees  that  could  touch  our  arc  wires 
and  by  putting  heavier  oil  in  the  transformer  dashpots  than  was 
supplied  with  them,  we  have  eliminated  the  trouble. 

S.  R.  Inch. 

B  27.  To  what  extent  is  the  use  of  the  ''Two-transformer 
Betnltant  Delta''  method  of  transformation  liable  to  unbalance  a 
3-phase  system  on  full  load,  where  the  oapacity  of  trantformen 
is  60  per  cent  of  generating-plant  capacity? 

Two  transformers  will  not  unbalance  a  three-phase  system 
of  connected  delta ;  that  is,  if  the  load  is  not  unbalanced. 

H.  N.  Crandall. 

If  two  transformers  are  used  on  two  of  the  three  phases 
of  a  three-phase  circuit  for  supplying  a  three-phase  circuit  that 
is  equally  loaded  on  all  of  the  phases,  there  will  be  very  little 
unbalance.    The  load  will  be  practically  the  same  on  each  of  the 
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phases  of  the  generator.  There  will  be  a  sligfct  difference  in 
voltage  on  the  different  phases  of  the  secondary  circuit,  resulting 
from  the  unsymmetrical  relation  of  the  transformers. 

The  Westinghouse  Elec.  and  Mra  Co. 


E  28.  With  a  cost  of  6  per  cent  in  favor  of  a  3-phaie 
transformer  against  three  single-phase  transformers  of  same  total 
oapaoity^  which  is  the  more  desirable  and  economioal  to  initall 
to  fnmish  current  to  a  3-phase  induction  motor  t  In  other 
words,  wonld  one  S-phase,  16-kilowatt  transformer  be  preferable 
to  three  single-phase,  6-kilowatt  transformers  t 


I  would  recommend  three  five-kilowatt  transformers,  for  the 
reason  that  they  are  interchangeable  and  may  be  used  for  lighting 
in.  other  locations  if  power  is  discontinued.     H..  N.  Crandall. 


Modem  tendency  seems  to  be  toward  the  three-phase  trans- 
former on  account  of  simplicity  of  installation,  economy  of  space 
on  poles  and  better  efficiency.  Where  it  is  practicable  to  carry 
a  small  reserve  stock  to  guard  against  possible  losses,  would 
recommend  three-phase  transformer.  Under  most  conditions, 
three  or  two  standard  single-phase  transformers  could  be  used 
temporarily  to  replace  a  disabled  three-phase  one. 

Ralph  D.  Laxton. 


Three  single-phase  transformers  are  preferable  in  place  of 
one  three-phase,  where  floor  space  permits,  because  should 
trouble  occur  from  any  one  transformer,  the  same  can  be  cut 
out  and  service  maintained.  H.  J.  Meyer. 

The  three-phase  transformer  should  give  fully  as  satisfactory 
results  in  operating  as  the  three  single-phase  transformers.  The 
advantage  of  using  the  three  single-phase  transformers  lies  in 
the  greater  flexibility  of  the  arrangement  when  it  comes  to 
making  alterations  or  readjustment  of  plant. 

DuGALD  C.  Jackson. 
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In  purchasing  transformers,  either  for  lighting  or  power 
purposes,  only  such  should  be  purchased  as  can  be  used  for  either 
class  of  service.  Two  ordinary  lighting  transformers  can  be 
taken  and  used  for  power  work  and  should  the  power  work  be 
discontinued,  the  transformers  may  be  used  equally  well  for 
lighting  service.  For  this  reason  if  no  other  it  is  bad  policy  to 
install  three-phase  transformers  that  are  only  suitable  for  power 
work.  F.  G.  Proutt. 


This  question  is  one  that  has  to  be  settled  for  each  case 
separately.  If  the  unit  to  be  supplied  is  small  and  the  customer 
has  not  a  long-term  contract,  the  best  plan  would  be  to  use  three 
small  transformers,  so  that  they  can  be  used  elsewhere  if  neces- 
sary. If  the  unit  to  be  supplied  is  large  and  the  contract  is  for 
a  long  term,  it  would  probably  be  best  to  install  one  three-phase 
transformer,  especially  if  the  floor  space  is  limited. 

The  three  transformers,  when  connected  in  delta,  have  the 
advantage  over  one  three-phase  transformer  should  a  bum-out 
occur.  The  motor  could  be  operated  on  85  per  cent  of  its  full- 
load  on  two  transformers,  while  in  case  of  trouble  with  one 
three-phase  transformer,  the  entire  unit  is  out  of  service. 

A.  Balsley. 

s 
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SI.  In  rating  altemating-ourrent  arc  lamps  should  the 
apparent  or  the  real  watts  be  the  basis? 

The  rating  should  be  in  the  real  watts.       C.  W.  Koiner. 

The  real  watts,  as  they  determine  the  light  given ;  preferably 
the  real  watts  consumed  by  the  arc  itself,  or  "the  watts  at  the 
arc."  Geo.  B.  Lauder. 


In  rating  alternating-current  arc  lamps  the  real  watts  should 
be  the  basis.  David  W.  Beaman. 
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The  real  watts.  A.  R.  MacKinnon. 

As  a  question  of  capacity,  the  apparent  watts  should  be 
considered,  but  as  a  question  of  actual  power,  true  watts  should 
be  the  basis.  G.  Wilbur  Hubley. 

Real  watts.  F.  Ellwood  Smith. 

The  basis  of  rating  all  alternating-current  apparatus  should 
be  on  the  apparent  and  not  the  real  watts ;  to  do  otherwise  would  be 
to  discriminate  in  favor  of  low  power  factor  devices  requiring 
equal  unit  of  investment  without  the  same  return. 

A.  A.  P.,  N.  Y.  Ed.  Co. 

In  rating  for  power  consumed  the  load  on  engine  is  pro- 
portional to  the  real  watts,  while  the  heating,  and  consequently 
the  load  on  generator,  is  limited  by  apparant  watts,  or,  more 
exactly,  by  the  current.  J.  S.  Robinson. 

Real  watts.  M.  P.  R.,  N.  Y.  Ed.  Co. 

True  watts,  always.  J.  W.  Cowles. 

S  2.  What  are  fair  ratings  for  enolosed-aro  lamps  tliat  are 
neither  2000  nor  1200-candle-power  ? 

Rating  of  all  lamps  where  contracts  are  made  with  the  city 
should  be  on  the  real  watts  consumed,  not  in  the  candle-power. 

C.  W.  KOINER. 

The  actual  watts  constuned  at  the  arc.       Geo.  B.  Lauder. 

Five  hundred  candle-power.  A.  R.  MacKinnon. 

Alternating-current  lamps,  6.6-ampere — about  700  candle- 
power.  G.  Wilbur  Hubley. 
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Take  the  watts  at  the  lamp  terminals  and  rate  accordingly. 

E.  A.  M.,  N.  Y.  Ed.  Co. 


One  thousand  eight  hundred  candle-power  may  be  a  fair 
rating.  Augusta  Ry.  and  Elec.  Co. 

S  3.  What  is  the  cause  of  hardening  of  the  points  of  car- 
bons in  enclosed  alternating-current  lamps,  with  consequent 
unsatisfactory  operation  when  voltage  is  correct? 

Very  likely  clutch  adjustment  is  wrong  and  does  not  iallow 
lamps  to  have  "sneak  feed."  By  dropping  together  when  at 
white  heat,  carbons  are  very  likely  to  become  hardened. 

W.  H.  Greenslit. 

Low  voltage  during  some  portion  of  the  time  the  lamps  are 
burning  will  cause  a  great  deal  of  trouble  on  account  of  the 
points  hardening  or  glazing  over.  I  have  found  the  trouble  to 
be  due  to  nothing  else,  and  would  advise  close  inspection  of  the. 
voltage  at  which  the  lamps  actually  operate.     Geo.  B.  Lauder. 

Poor  carbons.  G.  Wilbur  Hublby. 

Carbons  may  not  be  sufficiently  baked. 

Douglass  Burnett. 

Undoubtedly  due  to  high-resistance  carbons. 

E.  A.  M.,  N.  Y.  Ed.  Co. 

Impurities  in  carbons,  or  gas  cap  too  tight,  not  allowing 
enough  air  to  enter  enclosing  globe.       M.  P.  R.,  N.  Y.  Ed.  Co. 

Too  little  oxygen  in  the  inner  globe,  caused  by  a  too  efficient 
gas  cup  designed  in  an  erroneous  attempt  to  obtain  too  long  a 
'.ife  from  the  lamp.     This  difficulty  also  occurs  when  too  hard, 
carbons  are  used. 

V.  2—21 
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Remedy:  First  try  another  grade  of  carbons,  and  if  that 
fails,  carefully  select  by  gauging  a  sufficient  number  of  small 
carbons  for  a  complete  trim  of  a  circuit,  and  if  this  remedies 
the  difficulty,  as  it  probably  will,  it  is  apparent  that  less  efficient 
gas  cups  are  needed.  G.  E.  Palmer. 


If  the  voltage  is  correct,  across  both  the  lamp  terminals  and 
across  the  arc,  the  trouble  is  probably  due  to  one  of  three  causes : 
(i)  Impurities  in  the  carbon 

(2)  Faulty  dashpot  or  clutch 

(3)  Inner  globe  too  air-tight 

The  first  cause  is  the  more  general  and  is  likely  to  occur 
with  all  but  the  highest  grades  of  carbons.  The  second  cause  is 
likely  to  occur  only  in  scattered  ca^es,  and  as  a  general  thing 
where  the  trouble  is  in  the  dashpot,  a  new  dashpot  is  necessary, 
since  the  plunge  and  cylinder  need  to  be  very  carefully  fitted 
for  good  results.  The  third  cause  is  very  rare  in  modern  lamps, 
particularly  in  those  with  the  cap  set  loose  on  the  globe,  but  is 
not  uncommon  with  closed-base  inner  globes  in  lamps  not  pro- 
vided with  a  gas  groove  in  the  globe  cap.  S.  R.  Inch. 

S  4.  What  results  have  been  obtained  by  the  use  of  five- 
sixteenths-inch  carbons  instead  of  one-half -inch  carbons  in  direct- 
cnrrent  enclosed  arc  lamps  of  three  and  five  amperes;  also  in 
6  and  7.S-ampere  alternating-current  arc  lamps  ?  What  is  the  addi- 
tional cost  per  kilowatt-hour  for  operation  and  maintenance,  and 
how  is  the  extra  expense  justified? 

This  company  has  at  present  68  five-sixteenths-inch  carbon 
lamps  installed  in  various  places  throughout  the  city.  All  lamps 
have  given  excellent  satisfaction.  The  increase  in  maintenance 
cost  is  due  to  the  shorter  life  of  the  five-sixteenths-inch  carbon. 
The  two  items  of  maintenance  cost  that  are  increased  are  the 
trimming  and  cost  of  carbons.  On  the  lamps  now  installed  a 
life  of  from  65  to  70  hours  has  been  obtained.  The  total  increase 
in  maintenance  cost  on  these  installations  will  be  approximately 
20  per  cent  greater  than  with  half-inch  carbons.  The  extra  ex- 
pense is  justified  by  giving  the  customers  from  70  to  100  per 
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cent  more  light.  The  increase  in  light  is  affected  by  the  initial 
candle-power  of  the  five-sixteenths-inch  carbon  and  a  lesser 
amount  of  carbon  deposit  on  the  inner  bulb  of  the  lamp  during 
the  life  of  carbons.  G.  N.  Eastman. 


The  smaller  carbons  give  far  better  efficiency. 

Augusta  Ry.  and  Elec.  Co. 


S  6.    What  has  been  the  experience  with  the  new  heat- 
resisting  inner  globes? 


The  new  heat-resisting  globes  have  proven  very  satisfactory. 

W.  H.  Greenslit. 


Excellent.  F.  C.  S.,  Malden  Elec.  Co. 


After  numerous  tests  made  on  heat-resisting  inner  globes 
from  three  different  manufacturers  on  multiple  enclosed-arc 
lamps,  the^  results  obtained  show  that  while  carbon  deposit  does 
not  bum  in  as  readily,  and  bulb  will  withstand  sudden  changes 
in  temperature  better  than  the  ordinary  bulb,  the  difference  in 
cost  makes  the  ordinary  bulb  more  economical  for  lamps  men- 
tioned above:  P.  J.  Smith. 


Great  success  has  attended  their  use  with  lamps  in  which 
trouble  has  been  experienced  from  heat-warped  globes.  Their 
use  is  not  necessary  with  properly-designed  lamps. 

G.  E.  Palmer. 


We  find  that  75  per  cent  of  our  inner-globe  expense  is  due 
to  breakage  in  handling  and  that  the  heat-resisting  globe  is  as 
liable  to  breakage  as  the  ordinary  globe;  our  experience  there- 
fore is  that  the  use  of  heat-resisting  globes  is  an  unjustified 
expense  and  we  have  discontinued  using  them.       S.  R.  Inch. 
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Excellent.    Well  worth  extra  cost.  J.  W.  Cowles. 

S  6.  What  results  have  been  obtained  with  low-onrrent  arc 
lamps,  say  three  amperes  and  less,  in  regard  to  steadiness  of 
light,  bnming  hours,  efficiency,  and  in  general? 

We  find  3.5  amperes  at  no  volts  is  as  low  as  will  give  a 
steady  arc.  With  this  amperage  we  use  three-eighths-inch  carbon. 
A  three-ampere  arc,  while  of  fair  quality,  is  unsteady.  The  trim- 
ming is  more  frequent  than  with  the  five-ampere  lamp  with  half- 
inch  carbon,  the  ratio  being  as  two  is  to  three.        A.  Peters. 

Unsatisfactory.  G.  Wilbur  Hubley. 

We  have  in  operation  1500  3-ampere  and  about  1500  3.5- 
ampere  arc  lamps.  A  great  many  of  these  have  been  in  service 
a  number  of  years  and  are  satisfactory  to  our  customers.  Light 
is  as  steady  as  the  5-ampere  lamp  and  life  of  carbons  is  the  same. 
It  is  advisable  to  use  a  carbon  of  small  diameter  in  a  3-ampere 
lamp,  on  account  of  arc  being  shorter.  P.  J.  Smith. 

Low-energy  arc  lamps  are  not  entirely  satisfactory,  because 
the  proportion  of  white  to  blue  light  is  not  sufficient,  and  the 
lamps  do  not  operate  quite  so  well.  The  increase  in  satisfaction 
with  the  use  of  a  standard  arc  lamp  will  be  greater  than  the  in- 
crease in  the  watts  consumed.  Douglass  Burnett. 


The  3.25-ampere  arc  compares  favorably  with  the  5-ampere 
enclosed  lamp  as  regards  steadiness  and  burning  hours,  but, 
owing  to  the  smaller  quantity  of  light  emitted,  is  not  adapted 
to  such  universal  use  as  the  5-ampere  lamp. 

E.  A.  M.,  N.  Y.  Ed.  Co. 

On  106  volts  alternating  current  we  have  tried  the  4-ampere 
arcs,  but  found  very  littie  demand. 

Augusta  Rv.  and  Elec.  Co. 
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S  7.  What  are  the  principal  troubles  in  connection  with  the 
operation  of  leries  alternating:  arc  lamps,  circuits  and  regulators? 

The  principal  trouble  with  lamp  is  confined  to  balancing 
weight  regulating  voltage,  since,  subject  to  more  or  less  vibration, 
it  works  loose.  W.  H.  Greenslit. 

Our  principal  troubles  have  been  with  arc  lamps  sticking 
and  grounding;  also  breaking  of  wires  swinging  from  wires 
to  lamps.  Augusta  Ry.  and  Elec.  Co. 


1.  Uneven  life  of  lamps,  due  to  poor  regulation  of  the  lamp 
itself. 

2.  Poor  light  and  failure  to  pick  up,  due  to  improperly  con- 
sumed carbons.  This  is  traceable  to  poor  carbons  in  some  cases, 
but  generally  to  faulty  design  in  gas  caps,  where  in  attempting 
to  obtain  too  long  a  life,  the  more  refractory  parts  of  the  carbon, 
which  are  unfortunately  of  high  resistance,  are  not  consumed 
and  form  a  point  of  contact  in  the  normal  position  of  rest  of 
higher  resistance  than  the  starting  resistance  in  series  with  the 
cut-out.  If  the  lamp  does  pick  up  under  these  conditions,  it  either 
chatters  until  the  refractory  part  of  the  carbon  is  broken  off  or 
it  burns  at  normal  voltage  with  the  carbons  so  close  together 
that  the  arc  can  not  radiate. 

3.  Open  circuits,  occurring  during  operation  where  no 
automatic  device  is  used  to  open  the  primary  when  the  break 
takes  place  in  secondary.  In  the  use  of  multi-circuit  apparatus, 
the  inductive  kick  that  follows  rupture  is  rapidly  followed  by  an 
increase  in  potential  of  from  40  to  60  per  cent,  which  tends  to 
break  down  line,  lamp  and  station  equipment.     G.  E.  Palmer. 

The  annoying  increase  in  humming  when  the  lamp  mechan- 
ism is  poorly  adjusted. 

The  failure  of  the  series  lamp  to  work  properly  when  one 
lamp  of  the  series  is  out  of  commission,  caused  by  a  defect  in 
the  cut-out  mechanism. 

The  necessity  of  using  expensive  cored  carbons. 

C.  D.  Wood,  Jr. 
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S  8.  What  percentage  of  total  honn  outage  from  all  causes 
is  considered  reasonable  on  a  system  of  1000  9.6-ampere  direct- 
current  open-arc  lamps;  also  for  alternating-current  or  direct- 
current  enclosed  series? 

Two  per  cent.  W.  H.  Green  slit. 

During  the  year  1904,  on  a  system  of  789  9.6-ampere  open 
arcs,  running  a  total  of  3,115,538  lamp-hours,  the  total  outages 
from  all  causes  was  3450  lamp-hours,  or  about  one-ninth  of  one 
per  cent.  H.  Bottomley. 

Depends  somewhat  on  who  reports  the  outage.  We  find 
outage  in  alternating-current  lamps  same  as  on  direct-current 
lamps.  We  have  trimmer  inspect  every  lamp  when  turned  on 
and  our  outage  is  0.7  per  cent.  R.  N.  Kimball. 

Five-tenths  of  one  per  cent  total  hours  outage  is  considered 
a  reasonable  result  with  an  open-arc  system.  With  direct-current 
enclosed  arcs  it  should  not  exceed  one-tenth  of  one  per  cent. 

H.  T.  Hartman. 

S  9.  (a)  To  what  extent  are  automatic  cnt-ont  switches 
(that  is,  an  automatic  device  that  cuts  the  lamp  out  of  arc  cir- 
cuit and  closes  series  arc  circuits  when  lamp  is  lowered)  in  use? 
(b)  Do  they  operate  successfully  on  high-voltage  circuits? 

In  the  writer's  judgment,  the  least  number  of  automatic 
switches  and  fixings  you  have  on  a  series  arc  circuit,  the  fewer 
open  circuits  you  will  have  to  locate,  with  consequent  interrup- 
tion of  service.  J.  F.  C. 

Not  very  universally  in  use.  Do  not  think  them  practicable, 
on  account  of  the  liability  of  getting  out  of  order  and  cost  of 
maintenance.  Do  not  see  why  they  would  not  operate  success- 
fully on  high-voltage  circuits,  so  long  as  they  are  in  good  opera- 
tive condition.  F.  C.  S.,  Malden  Elec.  Co. 

* 

Not  reliable  or  satisfactory  to  depend  on. 

G.  Wilbur  Hubley. 
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S  10.  What  method  can  be  used  to  obviate  open  cireuits  in 
the  connections  between  series  arc  lamps  and  their  absolute 
cnt-onts  ? 


The  writer  does  not  know  of  any  method  that  will  entirely 
eliminate  this  trouble,  but  recommends  use  of  a  very  fine 
stranded  wire  with  considerable  slack  which  is  formed  to  a  pig- 
tail. F.  C.  S.,  Malden  Elec.  Co. 

The  use  of  flexible  switchboard  cable  with  hard-metal  ter- 
minals will  overcome  this  difficulty.         A.  R.  MacKinnon. 

Use  flexible  wire  of  ample  length  with  number  of  coils  in 
a  wire.  Augusta  Ry.  and  Elec.  Co. 

Use  long  extra-flexible  connections  between  cut-out  and 
lamp  and  have  the  end  of  the  flexible  wire  that  goes  into  the 
binding-post  of  lamp  sweated  into  a  solid  mass. 

G.  E.  Palmer. 


Use  brass  plugs  on  ends  of  wires  that  enter  lamp  binding- 
posts;  use  finely-stranded  wire,  and  solder  it  into  binding-posts 
o£  cut-out.  M.  P.  R.,  N.  Y.  Ed.  Co. 

S  11.  Is  it  better  on  three-phase  machines  to  operate  arcs 
on  one  phase  with  incandescents  and  balance  by  regulator 
ag^ainst  other  two  phases,  canying  incandescent  single  phase, 
or  to  distribute  the  arcs  on  the  three  phases? 

It  is  best  to  separate  arc  and  incandescent  load. 

W.  H.  Greenslit. 

We  find  it  satisfactory  to  treat  all  phases  alike,  and  observe 
that  the  question  of  balance  practically  takes  care  of  itself. 

W.  P.  Hazeltine. 

It  is  better  to  put  the  arcs  on  each  of  the  phases  where  con- 
ditions are  such  that  it  can  be  done.  C.  W.  Koiner. 
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The  question  does  not  state  whether  multiple  or  series  arcs. 
If  series,  with  tub  transformers,  it  will  be  much  better  to  have 
two  or  three  tubs  connected  three-phase,  and  keep  the  arcs 
balanced  on  the  three  phases  as  closely  as  conveniently  possible; 
this,  at  least,  has  been  our  experience.  If  multiple  lamps,  it  will 
be  more  convenient  to  put  them  on  all  phases  and  balance  up 
^occasionally.  Geo.  B.  Lauder. 

It  is  bad  policy  to  try  to  use  particular  phases  for  particular 
classes  of  lighting.  The  Seattle  Elec.  Co. 

Distributing  the  arc  circuits  where  possible  gives  better 
power  factor.  Augusta  Ry.  and  Elec.  Co. 

It  is  better  to  divide  arcs  between  phases,  because  arcs  have 
much  lower  power  factor  than  incandescents,  and  it  would  be 
difficult  otherwise  to  load  evenly  all  parts  of  generator  windings 
and  keep  voltages  equal.  M.  P.  R.,  N.  Y.  Ed.  Co. 

S  12.  What  should  be  the  cost  of  trimming  street  arc  lamps 
(carbons,  globes,  labor,  etc.)  for  a  plant  operating  600  street 
arcs,  alternating  enclosed?    Territory  covered,  9  sqnare  miles. 

Assuming  lamps  burn  an  average  of  11  hours  per  night — 

Co«t  of  carbons $1.15  per  lamp  per  year 

••      bulbs 15 

•*      outer  globes 33        *' 

**      labor  I  rimming 3.65 

Miscellaneous lo         **  ** 

$5.38 

The  above  does  not  include  cost  of  patrolling  or  lamp  re- 
pairs. P.  J.  Smith. 

The  cost  of  trimming,  repairing,  horse  and  cart  maintenance 
for  alternating-current  lamps  for  last  year  was  $8.28  and  on 
direct-current  lamps  the  year  previous,  $11.43.  This  is  for  125 
lamps  operated  on  moonlight  schedule  2800  hours. 

R.  N.  Kimball. 
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S  13.  How  does  free  arc-lamp  trimming^  and  mamtenance 
cost  eompare  with  free  incandeseent-lamp  renewals  and  with 
free  Meridian-lamp  renewals? 

The  cost  is  likely  to  be  greater  than  with  incandescents. 

Douglass  Burnett. 


The  free  trimming  of  arc  lamps  and  their  maintenance  is 
comparable  to  the  free  supply  of  incandescent  lamps.  For  small 
equipments,  it  is  better  to  allow  the  supplying  company  to  care 
for  the  arc  lamps  and  supply  incandescent  lamps,  because;  the 
service  thus  rendered  will  be  done  on  a  better  basis.  Where, 
however,  the  equipment  is  of  larger  size,  it  is  to  be  supposed 
that  the  customer  will  have  in  his  employ  some  person  competent 
to  care  for  the  equipment,  and  in  that  case,  it  is  possible  to  allow 
him  to  care  for  the  installation,  and  also  to  make  renewals, 
because  the  party  thus  employed  will  be  better  informed  as  to 
what  is  required  than  will  an  ordinary  employee. 

For  Meridian  lamps  it  is  different,  and  in  this  instance  it  is 
possibly  better  to  make  a  slight  charge,  say  the  difference  in 
price  between  the  cost  of  a  standard  incandescent  lamp  and  that 
of  the  Meridian  lamp  that  may  be  desired. 

C.  A.  L.,  N.  Y.  Ed.  Co. 

For  direct-current  series  enclosed  arcs  the  cost  of  lamp  trim- 
ming and  maintenance  is  about  $3.50  per  lamp  per  year.  With 
an  all-night  lamp  averaging  4000  hours,  or  approximately  2000 
kilowatt-hours,  the  total  expense  per  kilowatt-hour  would  be 
0.17  cent.  With  56- watt  incandescent  lamps,  averaging  600- 
hours  life,  the  cost  for  renewals  at  16  cents  per  lamp  would  be 
0.47  cent  per  kilowatt-hour.  H.  T.  Hartman. 


In  one  instance  the  cost  of  free  direct-current  arc-lamp 
maintenance  was  approximately  40  per  cent  less  than  the  main- 
tenance of  free  incandescent  lamps.  The  cost  of  arc  maintenance 
varies  with  the  density  of  business.  In  general,  each  new  arc 
installation  decreases  the  arc-lamp  maintenance. 

G.  N.  Eastman. 
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S  14.  Sum  up  the  relative  advantages  and  economy  of  nsing 
direct-current  endosed-arc  lamps  for  store  lighting,  as  compared 
with  alternating-current  lamps. 

The  direct-current  lamps  give  a  better  distribution  of  light 
than  the  alternating-current  lamps,  are  less  likely  to  get  out  of 
order,  and  do  not  hum.  David  W.  Beaman. 

Making  a  comparison  of  the  direct-current  enclosed-arc  lamp 
with  alternating-current  enclosed-arc  lamp,  as  regards  distribu- 
tion of  the  light  given  out  by  each,  we  find  that  the  alternating- 
current  lamp  throws  out  a  larger  percentage  of  its  own  light 
along  the  horizontal  line  than  does  the  direct-current  lamp. 
The  alternating-current  lamp,  on  the  other  hand,  throws  a  much 
larger  percentage  of  its  light  into  the  upper  hemisphere  (which 
must  be  either  practically  wasted  or  thrown  downward  by  re- 
flectors, which  are  almost  universally  inefficient)  than  the  direct- 
current  arc.  In  the  direct-current  arc  this  is  not  the  case,  as  by  far 
the  greater  portion  of  the  light  is  thrown  into  the  lower  hemi- 
sphere; therefore,  there  is  generally  accounted  to  be  from  15  to 
20  per  cent  difference  in  favor  of  the  direct-current  arc  lamp. 

Another  important  advantage  in  favor  of  the  direct-current 
arc  is  the  increased  life  of  the  carbons,  which  amounts  to  about 
125  to  140  hours  in  the  case  of  the  direct-current  arcs,  while  the 
alternating-current  lamp's  life  is  estimated  at  75  to  80  hours. 

S.  C.  Foster. 

The  economy  is  in  favor  of  the  alternating-current  enclosed 
for  store  lighting  to  the  extent  of  25  per  cent,  but  the  distribution 
of  light  and  the  operation  of  the  lamp  is  better  with  direct 
current.  Douglass  Burnett. 

The  direct-current  lamp  has  the  following  advantages,  lack- 
ing in  the  alternating-current  lamp;  downward  and  better  dis- 
tribution of  light,  without  the  use  of  reflectors;  for  the  same 
energy,  a  hotter  crater  and  in  consequence  a  whiter  light;  the 
absence  of  humming  operation,  and  jumping  at  starting;  absence 
of  external  accessories,  such  as  compensators,  economy  coils, 
et  ccetera.  Economy  shows  about  25  per  cent  in  favor  of  the 
direct-current  lamp.  E.  A.  M.,  N.  Y.  Ed.  Co. 

S  16.  What  are  the  best  arguments  in  favor  of  arc  light- 
ing (interior)  bb  against  (a)  gasolene  (b)  acetylene  lamps? 
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Arc  lamps  give  more  candle-power  for  one  cent  where  the 
price  is  eight  to  ten  cents  per  kw-hour  than  either  gasolene  or 
acetylene.  C.  W.  Koiner. 

The  insurance  regulations.  J.  F.  Dostal. 

I — Fire  risk  removed.  2 — Company  maintains  the  lamps. 
3 — With  suitable  globes  the  light  is  better  distributed  and  re- 
lieved of  glare.  4 — The  color  of  the  light  much  more  true  to 
sunlight.  5 — Less  heating  effect.  6— No  vitiated  air.  7 — Easy 
control.  Douglass  Burnett. 

(a)  Safety,  steadiness,  continuity,  color,  cost,  cleanliness 
and  non-vitiating  effects  on  atmosphere,  (b)  Same  as  above, 
with  special  stress  on  safety  and  cost. 

E.  A.  M.,  N.  Y.  Ed.  Co. 

Arc  lamps  are  safer  and  give  a  far  better  colored  light ;  are 
of  no  trouble  to  customer  in  caring  for  them  and  no  expense 
except  the  cost  of  current ;  require  no  matches  and  have  no  open 
flame.  Augusta  Ry.  and  Elec.  Co. 

Arc  lighting  is  so  far  superior  to  gasolene  or  acetylene 
lamps  in  the  way  of  reducing  fire  hazards,  smoking  up  of  valu- 
able decorations  and  eating  the  life  out  of  the  air  the  human 
being  must  breathe,  that  a  comparison  can  hardly  be  made. 

E.  a,  Bechstein. 

(a)  With  the  use  of  the  arc  there  is  less  heat  in  summer, 
no  smoke,  no  fumes  and  not  the  danger  from  fire  or  explosion, 
(b)  We  are  now  lighting  two  drug  stores  that  a  year  ago  were 
using  the  acetylene  lamps,  and  on  our  regular  commercial  scale 
of  rates  we  are  saving  them  from  10  to  20  per  cent,  to  say  noth- 
ing of  the  time  and  trouble  caused  by  caring  for  the  acetylene 
system,  the  danger,  smoke,  et  ccetera.  C.  M.  Wright. 

S  16.  With  the  same  care  and  skill  applied,  is  there  any 
reaBon  why  renewed  incandescent  lamps  shonld  not  be  as  good 
as  new  ones? 

With  the  same  care  and  skill  applied  in  the  manufacture, 
rating,  and  sorting  of  incandescent  lamps,  there  is  no  reason  why 
renewed  lamps  should  not  have  as  high  candle-hour  value  as  new 
lamps  of  the  same  make  and  type.    All  other  conditions  being  the 
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same,  we  believe  that  in  the  long  run,  the  renewed  lamp  is  as 
valuable  as  the  new  lamp.  The  vital  question  is — Have  "the 
same  care  and  skill"  be  applied?  This  can  be  determined  only 
by  a  comparison  between  the  new  and  renewed  lamps  through 
ii  careful  test. 

A  prejudice  has  long  existed  against  renewed  lamps, 
founded  on  the  fact  that  some  renewed  lamps  have  been  worth- 
less. If  you  wish  to  know  the  comparative  value  of  lamps  you 
should  have  correct  tests  made. 

See  page  322  of  the  1904  Question  Box, 

Electrical  Testing  Laboratories. 

Renewed  incandescent  lamps  of  tested  candle-power  are  just 
as  good  as  new  ones,  but  will  not,  of  course,  last  so  long. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

If  the  paste*  joints  are  properly  baked  and  enough  heat 
applied  in  pumping,  there  is  no  reason  why  a  refilled  lamp  should 
not  be  as  good  as  a  new  one.  Of  course  you  run  the  risk  of 
getting  a  lamp  the  cement. in  the  base  of  which  may  be  of  poor 
quality  and  allow  the  base  to  loosen,  a  fault  that  might  not 
develop  before  the  lamp  was  shipped.  S.  F.  Messer. 

S  17.  How  far  can  the  target-diagram  test  of  moandescent 
lamps  be  depended  upon  in  determining  the  relative  merits  of 
different  makes  of  lamps? 

The  initial  test  on  incandescent  lamps  for  uniformity  and 
rating  does  not  indicate  quality,  which  is  only  determined  by 
life  and  candle-power  tests.  It  can  not  therefore  be  depended 
upon  to  determine  quality  of  different  makes  of  lamps,  but  should 
always  be  supplemented  by  life  and  candle-power  tests. 

When  the  lamps  tested  are  from  an  average  barrel  and  not 
specially-selected  lamps,  the  target-diagram  test  is  an  indication 
of  care  and  accuracy  in  the  manufacturer's  methods. 

F.  W.  Willcox. 

If  the  lamp  manufacturer  knows  that  you  are  going  to  make 
some  tests  and  secure  target  diagrams,  we  think  the  target  dia- 
gram is  of  little  use.  United  Elec.  Lt.  Co. 
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Only  as  to  initial  performance  and  indication  of  the  relative 
care  of  selection.  G.  Wilbur  Hubley. 


The  target  diagram  shows  the  uniformity  or  non-uniformity 
of  candle-power  and  efficiency  rating  of  lamps.  The  very  poorest 
lamps  on  the  market  may  be  accurately  rated  in  candle-power^ 
volts,  amperes,  and  watts-per-candle  (though  generally  they  are 
not)  and  it  is  also  possible  that  the  very  best  lamps  may  be  rated 
badly.  The  target  diagram  tells  only  a  part  of  what  you  need 
to  know  about  lamps ;  an  important  part,  but  by  no  means  all.  You 
should  also  know  the  average  life  value  of  the  lamps  when  burned 
at  their  normal  voltages.  This  value  is  expressed  in  candle- 
hours  and  represents  the  average  life  multiplied  by  the  average 
candle-power  throughout  that  life.  Lamps  should  be  well  rated 
and  of  high  candle-hours  value.  Failing  in  either  condition, 
they  decrease  in  value.  There  is  no  excuse  for  poor  rating  of 
lamps ;  it  is  simply  a  matter  of  care  and  cost.  Poorly-rated  lamps 
come  from  indiflFerent  manufacturers  who  rely  upon  careless 
purchasers  to  buy  their  product  without  inspection.  Poorly-rated 
lamps  are  generally  poor  otherwise,  but  "you  can't  most  always, 
sometimes  tell."  Electrical  Testing  Laboratories. 


S  18.    What  is  the  present  status  of  the  260-volt  incandes- 
cent lamp  as  to  life,  cost,  and  efficiency?    Are  the  sockets  marked 
250  V,^  now  on  the  market,  suitable  for  this  voltage? 


« 


The  200-volt  to  250-volt  incandescent  lamp  is  at  present 
supplied  in  the  following  candle-powers  and  efficiencies : 

8-cp,  4.375  watts  per  candle, 
lo-cp,  4.25  watts  per  candle. 
16,  20,  24,  32,  50  and   loo-cp,  3.8  watts  per  candle. 

In  addition  to  these  there  is  a  high-efficiency  type  of  lamp 
supplied  as  follows: 


i6-cp,  3.4  watts  per  candle. 
20-cp,  3.5  watts  per  candle. 
24,  32,  50-cp,  3.1  watts  per  candle. 
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The  useful  life  of  both  the  regular  and  the  high-efficiency 
200  to  250-volt  lamp  is  approximately  the  same  as  the  i6-cp, 
100  to  1 30- volt,  3. 1 -watts  per  candle  lamp;  that  is,  475  hours  to 
the  80  per  cent  point  of  candle-power. 

As  to  cost,  the  regular  i6-cp,  200  to  250-volt  lamps  are  sup- 
plied at  a  cost  of  two  cents  higher  than  the  regular  i6-cp,  100  to 
1 30^ volt  lamps.  The  high-efficiency  200  to  250-volt  lamps  are 
supplied  at  a  cost  of  four  cents  higher  than  the  regular  100  to 
1 30- volt  lamps.  F.  W.  Willcox. 

The  250-volt  incandescent  lamp  has  shown  no  very  great 
(hange  for  several  years  past,  although  improved  efficiency  is 
promised  shortly.  The  cost  is  somewhat  higher  and  the  lamp 
life  somewhat  lower  than  those  of  the  present  120-volt  lamp. 
The  efficiency  gained  from  changing  two  large  installations  from 
a  250  to  a  120-volt  basis  was  as  follows:  Average  consumption 
per  day  at  240  volts,  915.6  kilowatt-hours;  at  120  volts,  695.5 
kilowatt-hours,  saving  220.1  kilowatt-hours  or  24  per  cent.  Aver- 
age consumption  per  day  at  240  volts,  522.6  kilowatt-hours;  at 
120  volts,  410.2  kilowatt-hours,  saving  112.4  kilowatt-hours  or 
21.9  per  cent.  With  this  large  difference  of  efficiency  it  would 
seem  that  there  is  little  justification  for  use  of  the  250-volt  lamp 
in  place  of  the  120-volt.  The  sockets  now  on  the  market  marked 
250-V  are  suitable  for  the  voltage  at  which  they  are  marked,  it 
being  understood  that  they  have  been  constructed  under  the 
specification  putlined  in  the  National  Electrical  Code,  rules  and 
requirements  of  the  National  Board  of  Fire  Underwriters  per- 
taining to  sockets.  A.  A.  P.,  N.  Y.  Ed.  Co. 

S  19.  What  has  been  found  to  be  the  life  of  the  Meridian 
lamp  and  how  does  cost  of  free  renewal  compare  with  free  renewal 
of  incandescent  lamps? 

Where  an  incandescent  lamp  for  renewal  is  furnished  free 
a  Meridian  lamp  is  furnished  at  20  cents. 

Douglass  Burnett. 

The  life  of  the  Meridian  lamp  averages  about  500  hours. 
Following  is  comparison  of  renewal  cost  per  kw-hour  for  the 
Meridian  and  regular  types  of  lamps: 
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The  regular  i6-q),  frosted,  50-watt  lamp,  with  a  life  of  500 
hours,  taken  at  a  cost  of  20  cents,  the  renewal  cost  per  kw-hour 
is  0.8  cent. 

The  regular  8-cp,  28-watt,  fronted  lamp,  with  a  useful  life 
of  800  hours,  taking  cost  of  lamp  as  20  cents,  cost  of  renewals 
per  kw-hour,  0.9  cent. 

The  50-cp,  1 20- watt  Meridian  lamp,  with  500  hours  life, 
costing  50  cents,  renewal  cost  per  kw-hour,  0.8  cent. 

From  the  above  it  can  be  seen  that  the  renewal  cost  of  the 
Meridian  lamp  is  about  the  same  as  that  of  a  frosted  i6-cp. 
3. 1 -watt  lamp.  Comparison  is  made  with  the  frosted  lamp  be- 
cause the  Meridian  lamp  is  frosted.  As  Meridian  lamp  will  be 
used  only  in  occasional  installations,  its  renewal  cost  is  not 
a  material  objection  to  its  adoption,  which  might  be  the  case  were 
it  generally  used  to  replace  the  regular  i6-cp  types  of  lamps. 

F.    W.   WiLLCOX. 

We  have  found  the  Meridian  lamp  short-lived,  but  as  we 
have  found  it  the  best  thing  to  compete  with  gas  arcs,  we  are 
glad  to  stand  the  additional  expense.       United  Elec.  Lt.  Co. 

The  Meridian  lamp  seems  to  show  a  very  satisfactory  life, 
in  fact,  so  much  longer  than  the  high-efficiency  standard  incan- 
descent lamp  that  notwithstanding  higher  first  cost  the  cost  of 
renewal  is  approximately  the  same.       A.  A.  P.,  N.  Y.  Ed.  Co. 

S  20.  Are  the  ITemst  lamps,  3  and  6-glower  t3rpe,  220-Tolt, 
givinig  good  satisfaction? 

Ours  give  good  satisfaction.  Fred  B.  Sharpe. 

Yes.  G.  H.  CusHMAN. 

The  Nemst  lamps  of  the  three  and  six-glower  type,  220 
volts,  are  giving  satisfaction  where  installed. 

J.  P.  R.,  Jr.,  N.  Y.  Ed.  Co. 

We  have  abandoned  the  use  of  Nern3t  lamps,  as  they  require 
loo  much  attention  and  care.  Augusta  Ry.  and  Elec  Co. 
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Yes.  J.  W.  CowLES. 

S  21.  On  what  basis  do  you  farnish  iiutallationt  and 
renewals  of  Nemst  lamps  as  compared  with  standard  incandes- 
cent lamps? 

Consumer  buys  lamps  and  pays  for  repair  parts. 

Fred  B.  Sharpe. 

Better  have  the  Nernst  people  sell  the  lamp,  and  make  a 
maintenance  contract  with  the  customer  until  you  believe  it  better 
to  do  otherwise.  Douglass  Burnett. 

The  Nernst  lamp  is  installed  at  the  company's  expense  and 
the  renewals,  including  heater  tubes,  glassware  and  glowers,  are 
furnished  free  to  the  customer,  the  same  as  any  standard  incan- 
descent lamp  would  be.  J.  P.  R.,  Jr.,  N.  Y.  Ed.  Co. 

We  furnish  the  Nernst  lamps  without  charge  and  care  for 
ihem  free  of  charge,  just  as  we  do  standard  incandescent  lamps. 

A.  C.  Dunham. 

We  purchase,  install  and  maintain  the  Nernst  lamp  the  same 
as  commercial  arcs.  We,  however,  charge  a  minimum  rate  of 
$1.00  per  month  per  lamp  installed.  S.  F.  Messer. 

When  Nemst  lamps  are  sold  by  the  company,  the  company 
furnishes  renewals  of  glowers  and  heaters  free  of  charge. 

The  Philadelphia  Elec.  Co. 

On  installation  of  Nernst  lamps,  we  require  the  customer  to- 
purchase  the  lamps,  and  we  furnish  free  renewals.  We  follow 
this  same  plan  o^  incandescent  lamps.       Homer  Honeywell. 

Nemst  lamps  furnished  on  the  same  basis  as  arc  lamps,  fur- 
nished and  trimmed  by  the  company.  J.  W.  Cowles. 

We  furnish  renewals  and  give  maintenance  without  charge 
to  customer  on  all  installations  of  Nemst  lamps,  making  the 
minimum  bill  $1.50  per  lamp  per  month.        D.  H.  Beardslev. 
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S  22.  Does  the  Nemst  lamp  maintain  its  candle-power  as 
well  as  a  3.5-watt  incandescent  lamp? 

Better.  Fred  B.  Sharpe. 

It  is  our  experience  that  the  candle-power  of  the  Nernst 
lamp  is  maintained  as  well  as  that  of  the  3.1 -watt  incandescent 
lamp.  J.  P.  R.,  Jr.,  N.  Y.  Ed.  Co. 

The  Nernst  lamp,  in  a  certain  sense,  is  to  be  regarded  as  a 
constant-efficiency  lamp,  inasmuch  as  after  a  decrease  in  candle- 
power  of  about  15  per  cent,  which  takes  place  in  300  hours,  the 
candle-power  remains  practically  constant,  owing  to  the  fact 
that  the  addition  of  new  glowers  just  about  makes  up  for  the 
deterioration  of  the  old  glowers.  Inasmuch  as  there  is  a  constant 
decrease  in  the  incandescent  lamp  during  its  life,  these  two  lamps 
can  hardly  be  placed  on  the  same  basis  in  this  respect. 

E.  R.  Roberts. 

S  23.  From  a  manager's  standpoint,  is  a  Nernst  multiple- 
glower  lamp  preferable  to  a  mnltiple-arc  lamp?  Is  a  single- 
glower  lamp  preferable  to  a  Meridian  lamp  ? 

(a)  No.    (b)  I  think  not.       F.  C.  S.,  Malden  Elec.  Co. 

The  standpoint  is  not  defined  in  the  question  asked.  Some 
customers  would  select  the  Nernst  in  preference  to  the  arc  lamp, 
but  as  the  Nernst  lamp  of  two,  three  or  four  glowers  consumes 
less  current  than  a  standard  arc  lamp,  the  Nernst  may  appeal 
to  more  customers  than  the  arc  lamp.  For  a  large  store  requir- 
ing a  high  grade  of  general  illumination,  it  would  be  difficult  to 
improve  on  arc  lighting  when  the  lamps  are  properly  selected, 
arranged  and  cared  for.  Douglass  Burnett. 

As  to  the  use  of  the  Nernst  multiple-glower  lamp  in  prefer- 
ence to  a  multiple  arc  lamp  to  a  large  extent,  this  depends  upon 
location.  For  outdoor  work  and  large  open  areas  the  multiple 
arc  lamp  is  better.  This  refers  to  the  6  or  7.5-ampere  arc  lamp 
generally  used.  For  smaller  areas,  the  window  lighting  in  par- 
ticular, either  inside  or  out,  the  three-glower  Nernst  lamp  is 
more  desirable  than  the  arc  lamp.  J.  P.  R.,  Jr.,  N.  Y.  Ed.  Co. 
V.  2 — 22 
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We  think  that  the  Nernst  lamp  has  certain  advantages  over 
the  arc  lamp.  It  certainly  can  be  used  in  places  where  the  arc 
is  not  available.  The  capital  invested  is  about  the  same  and  the 
care  of  the  lamps  very  nearly  equivalent  in  cost.  The  Nernst 
lamp  is  the  only  lamp  with  which  we  are  acquainted  that  will 
displace  the  gas  arc,  which  it  invariably  does  without  much 
Irouble  on  our  part.  A.  C.  Dunham. 

Original  cost  too  high  on  Nernst  lamps. 

R.  N.  Kimball. 

At  the  present  stage  of  the  Nernst  lamp,  a  single-glower 
lamp  would  hardly  be  considered,  from  the  station  manager's 
standpoint,  as  preferable  to  a  Meridian  lamp  of  equal  candle- 
power.  The  Meridian  lamp  is  much  less  liable  to  trouble,  and  if 
burned  out  can  be  renewed  by  the  consumer.  The  renewal  of 
the  glower  in  the  Nernst  lamp  by  the  consumer  is  hardly  practi- 
cable, and  would  generally  necessitate  sending  a  man  to  perform 
the  work.  The  Philadelphia  Elec.  Co. 

From  a  manager's  standpoint  the  multiple-glower  Nernst 
lamp  is  preferable  to  the  multiple  arc  lamp,  when  the  customer 
purchases  the  lamp,  because  it  improves  the  power  factor  of  the 
load,  gives  a  steady  light  of  excellent  quality,  and  the  current 
consumption  of  the  Nernst  lamp  will  be  equal  to,  if  not  greater 
than  the  consumption  of  the  arc  lamp  that  it  replaces. 

Homer  Honeywell. 

Owing  to  the  short  time  we  have  had  lamps  installed  it  is 
impossible  to  pass  an  opinion,  but  at  our  rate  for  current  we  are 
competing  successfully  with  gas  arcs  with  gas  at  $1.00  per  1000 
feet.  D.  H.  Beardsley. 

S  24.  What  per  cent  is  the  life  factor  of  a  Nernst  lamp 
decreased  by  variation  in  voltage  of  4  per  cent  or  5  per  cent  each 
tide  of  normal?  This  fluctuation  to  occur,  on  an  average,  twice 
in  an  hour. 

To  answer  this  question  satisfactorily  a  special  test  should 
be  made.    As  none  has  been  made,  data  on  the  subject  can  not  be 
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given.    From  observation  and  experience  the  life  of  the  glower 
is  materially  aflfected  by  this  fluctuation. 

J.  P.  R.,  Jr.,  N.  Y.  Ed.  Co. 

The  writer  has  determined  that  the  life  of  the  Nemst  glowers 
is  decreased  about  25  per  cent  when  the  lamps  are  run  constantly 
at  an  overload  of  five  per  cent  above  normal,  and  that  occasional 
fluctuations  of  five  per  cent,  such  as  are  referred  to  in  the  above 
question,  do  not  have  any  appreciable  eifect  on  the  glower  life. 

E.  R.  Roberts. 

S  25.  Is  the  objeotion,  raised  by  some,  that  the  mercury- 
vapor  lamps  are  mjuriouB  to  the  eyes,  well  founded  I 

I  have  never  heard  the  complaint  that  the  light  from  mer- 
cury-vapor lamps  is  injurious  to  the  eyes.  It  is  claimed  by  the 
manufacturers  that  on  account  of  the  omission  of  the  red  rays 
the  light  is  especially  adapted  to  detailed  work,  such  as  drawing, 
et  ccBtera,  C.  H.  B.  C,  N.  Y.  Ed.  Co. 

The  general  impression  that  the  Cooper  Hewitt  lamp  is 
harmful  to  the  eyes  results  from  the  color  of  the  light.  No  such 
conclusion  should  be  formed,  as  the  light  is  not  harmful,  but 
more  beneficial  than  any  other  artificial  illuminant.  A  simple 
explanation  of  this  is  as  follows:  Sunlight  is  composed  of  all 
•colors;  some  of  these  colors  are  more  fatiguing  to  the  eye  than 
others,  red  being  especially  objectionable.  The  spectrtun  of  the 
Cooper  Hewitt  light  comprises  all  the  colors  of  sunlight  except 
red,  thus  making  the  light  particularly  favorable.  An  additional 
reason  in  favor  of  the  lamp  is  the  great  diffusion  of  light,  due  to 
the  tubular  form,  eliminating  dark  shadows  and  bright  spots. 
That  the  lamps  have  been  used  for  the  past  two  years  in  compos- 
ing and  drafting-rooms  is  sufficient  evidence  of  their  non-injurious 
effect,  as  there  is  no  work  that  is  more  trying  on  the  eye  than  that 
done  by  compositors  or  draftsmen. 

That  the  men  who  work  under  the  light  appreciate  it,  is  well 
illustrated  by  the  following  experience:  A  number  of  Cooper 
Hewitt  lamps  were  used  experimentally,  for  a  period  of  some 
months,  in  the  composing-room  of  a  New  York  newspaper.  The 
management,  on  account  of  increased  expenses  in  other,  depart- 
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ments,  intended  to  defer  the  permanent  installation  of  the  lamps 
for  some  time.  The  men  who  worked  under  the  light,  hearing  of 
this,  requested  that  the  trial  lamps  be  not  removed,  and  the 
argument  was  sufficiently  strong  to  cause  the  management  to 
make  a  complete  installation  of  the  lamps. 

The  light  has  been  used  successfully  for  the  past  year  or  so 
in  the  drafting-rooms  of  the  Westinghouse  Electric  and 
Manufacturing  Company,  the  Robins  Conveying  Belt  Company, 
the  Cutler-Hammer  Manufacturing  Company,  and  the  Link-Belt 
Engineering  Company,  and  the  composing-rooms  of  the  New 
York  Times,  the  New  York  Stoflts-Zeitung,  the  German  Herold 
and  the  New  York  Evening  Post.  All  of  these  concerns  unite 
in  commending  the  light,  particularly  on  account  of  the  ease  on 
the  eyes.  William  A.  D.  Evans. 

S  26.  Is  the  Cooper  Hewitt  mercury-vapor  lamp  considered 
satisfactory  for  window  lighting,  especially  as  regards  the  green 
tinge  being  noticeable! 

Only  as  a  special  temporary  display  to  attract  attention. 

Douglass  Burnett. 

The  mercury-vapor  lamps  have  been  used  to  some  extent 
for  window  lighting,  but  merely  to  attract  attention  on  account 
of  their  peculiar  color.  After  the  novelty  has  worn  off,  they 
are  not  satisfactory  for  window  lighting,  and  this  fact  has  been 
recognized  by  the  manufacturers,  who  do  not  advertise  them  for 
this  class  of  service.  C.  H.  B.  C,  N.  Y.  Ed.  Co. 

The  Cooper  Hewitt  mercury-vapor  lamp  is  not  considered 
satisfactory  for  window  lighting  in  any  case  where  it  is  necessary 
to  display  colors,  on  account  of  the  lack  of  red  rays.  Owing  to 
this  characteristic,  it  is  considered  that  its  field  for  window  light- 
ing is  limited.  The  Philadef-phia  Elec.  Co. 

The  Cooper  Hewitt  mercury-vapor  lamp  can  be  favorably 
used  for  window  lighting  when  placed  above  the  line  of  vision, 
so  as  not  to  dazzle  the  eyes.  It  should  never  be  placed  in  a 
window  where  red  goods  are  to  be  displayed.  The  green  tinge 
gives  any  window  where  the  lights  are  used  a  distinctive  color 
which  readily  attracts  the  eye.  William  A.  D.  Evans. 
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Where  the  sole  object  in  lighting  the  window  is  to  attract 
attention  by  being  entirely  different  from  the  lighting  of  other 
windows,  and  where  the  goods  displayed  are  not  affected  by  the 
color  of  the  light  rays  falling  upon  them,  the  mercury-vapor  arc 
is  satisfactory  from  a  lighting  standpoint.  Examples  of  such 
may  be  found  in  stores  where  the  goods  are  in  black  and  white, 
such  as  in  a  window  showing  engravings,  black  shoes,  et  ceetera. 
In  this  case  the  difference  in  color  from  that  of  the  surrounding 
stores  is  so  pronounced  that  it  attracts  immediate  attention,  and 
frotn  this  standpoint  is  extremely  satisfactory.  Where,  however, 
the  color  of  the  goods  displayed  is  attractive  in  itself,  the  light 
from  a  mercury-vapor  arc  is  decidedly  objectionable,  owing  to 
the  almost  complete  absence  of  any  rays  from  the  lower  part  of 
the  spectrum.  Thus  in  the  case  of  dry  goods  displayed,  the 
color  red  in  daylight  will,  depending  on  the  dye  used,  be  a  bril- 
liant purple  at  night,  and  so  on  with  all  of  the  lower  colors, 
whereas  the  colors  in  the  upper  part  of  the  spectrum  are  beauti- 
fully accentuated  by  the  color  of  the  light.  Generally  speaking 
it  is  only  in  rare  cases  that  it  is  desirable  to  light  windows  with 
any  type  of  mercury-vapor  arcs.  V.  R.  Lansingh. 

The  Cooper  Hewitt  lamp  is  not  satisfactory  for  window 
lighting,  except  when  it  is  used  over  black  and  white  colors, 
5uch  as  plumbers'  supplies,  shoes,  et  ceetera.  It  may  also  be  used 
as  a  novelty  to  attract  attention.  It  is  unsatisfactory  for  general 
use,  owing  to  absence  of  red  rays.  C.  R.  Brown. 

S  27.  Describe  recent  installations  of  latest  type  Cooper 
Hewitt  lamps,  giving  results  and  comparison  with  arcs  and  incan- 
descents  for  factory,  machine  shop,  printing  presses,  etc. 

The  use  of  mercury-vapor  lamps  in  studios,  photograph 
galleries  and  places  of  this  description  is  now  so  well  known 
that  it  need  hardly  be  mentioned.  There  have  been  recently 
some  very  interesting  installations,  however,  for  general  illumina- 
tion, which  I  shall  describe. in  detail. 

The  press-room  of  the  new  Times  building.  Forty-second 
street  and  Broadway,  is  lighted  by  22  Cooper  Hewitt  lamps 
rated  at  300  candle-power  each.     The  floor  area  is  5620  feet. 
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The  total  installation  requires  4.5  kilowatts  at  120  volts,  or  an 
average  of  0.74  watt  per  square  foot.  The  lamps  are  so  placed 
that  there  is  a  good  illumination  on  all  parts  of  the  presses. 

In  the  composing-room  of  the  Times  building  there  are 
eight  300-cp  lamps.  The  floor  area  in  this  room  is  1200  square 
feet  and  the  lamps  require  1.54  kilowatts.  This  is  an  average  of 
about  1.3  watts  per  square  foot 

The  Panama  Steamship  pier,  at  the  foot  of  West  Twenty- 
seventh  street,  is  lighted  by  six  Cooper  Hewitt  lamps,  and  has  a 
fioor  area  of  39,770  square  feet.  This  is  an  average  of  0.06  watt 
per  square  foot,  and  I  understand  from  the  customer  that  the 
lighting  is  very  satisfactory  for  this  class  of  work.  There  is 
also  one  light  in  front  of  the  pier,  which  is  not  included  in  the 
figures  given. 

The  installation  in  the  business  office  of  the  American 
Tobacco  Company,  iii  Fiftli  avenue,  is  somewhat  diflFerent 
from  those  I  have  mentioned,  as  two  incandescent  lamps  are 
used  in  connection  with  the  Cooper  Hewitt  lamps  to  furnish  the 
red  rays  that  are  missing  in  the  mercury  lamps.  The  floor  area 
is  11,250  square  feet,  for  the  lighting  of  which  32  Cooper  Hewitt 
lamps  and  64  incandescents  have  been  installed.  Even  with  the 
incandescent  lamps  included,  the  consumption  of  current  is  only 
0.8  watt  per  square  foot. 

Possibly  the  best  example  of  decorative  effect  that  may  be 
obtained  with  the  use  of  mercury  lamps,  is  found  in  the  new 
Hotel  Astor,  Forty-fifth  street  and  Broadway.  All  the  lamps 
are  hidden  in  a  cornice  running  around  the  room  and  the  ob- 
jectionable color  is  counteracted  by  a  limited  use  of  incandes- 
cent lights.  There  is  also  a  lamp  installed  in  a  reflector  over  the 
fountain.  This  installation  is  in  the  Orangerie,  but  I  have  no 
figures  to  show  the  amount  of  current  used  on  the  floor  area  of 
the  room. 

A  number  of  other  very  interesting  installations  could  be 
mentioned  where  the  lighting  effects  are  entirely  satisfactory  to 
the  customers.  C.  H.  B.  C,  N.  Y.  Ed.  Co. 


3    ■    q  O   ? 


Iff 

3  J   ' 


_L 


344  S— LAMPS— ARC,  INCANDESCENT,  ETC.       S  :^8 

S  28.  (a)  What  is  the  best  way  of  turning  multiple  lamps 
or  electric  signs  on  and  ofF  at  predetermined  hours — ^by  patrolmen 
or  by  means  of  automatic  time  switch?  (b)  Have  you  found 
a  practical  and  reliable  time  switch  for  the  purpose? 

(a)  Automatic  time  switch,  (b)  The  writer  thinks  that 
there  are  two  or  three  time  switches  that  are  reliable. 

F.  C.  S.,  Malden  Elec.  Co. 

Until  you  have  loo  or  more  sig^s,  better  have  your  night 
inspector  of  arc  lamps  control  the  signs.  Thus  you  get  per- 
sonal inspection  every  day,  which  is  a  guarantee  of  proper 
maintenance.  An  automatic  time  switch  requires  weekly  atten- 
tion for  winding,  and  hence  some  labor.  The  use  of  electric 
sig^s  controlled  by  your  inspectors  is  an  assurance  that  your 
men  are  covering  their  districts.  The  Anderson  time  switch  is 
first-class,  but  men  are  better.  Douglass  Burnett. 


(a)  It  is  considered  that  the  most  satisfactory  way  of  oper- 
ating multiple  lamps  or  electric  signs  at  predetermined  hours  is 
by  the  use  of  a  time  switch,  (b)  The  Ballon-Hutchinson  and 
the  Anderson  time  switches  seem  to  be  very  reliable  and  satis- 
factory for  this  purpose.  The  Philadelphia  Elec.  Co. 

(a)  When  it  is  practicable  to  install  an  auxiliary  wire,  this 
problem  is  easily  solved  by  the  use  of  remote-controlled  switches. 
The  writer  has  recently  designed  several  types  of  switches  for 
different  classes  of  service,  and,  as  far  as  the  system  has  been 
developed  up  to  the  present  time,  he  believes  it  is  perfectly  prac- 
ticable to  control  from  the  central  station,  either  selectively  or 
as  a  unit  any  combination  of  multiple  arc  lamps  or  electric  signs 
that  it  is  desired  to  operate  from  low-tension  mains. 

(b)  There  are  several  excellent  time  switches  on  the  market, 
the  element  of  reliability  in  their  operation  being  lacking  only 
because  the  majority  of  mankind  believe  that  they  know  more 
about  "fixing  a  clock"  than  does  the  manufacturer. 

On  the  remote-control  unit  system  referred  to,  a  momentary 
closing  of  a  switch  connected  to  the  auxiliary  wire  turns  on  or 
off  the  lamps   desired  to   control;   in   the   selective   system,   a 
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number  of  current  impulses  of  one  characteristic  select  a  lamp, 
or  group  of  lamps,  which  are  then  independently  switched  on  or 
off  with  a  current  impulse  of  a  different  characteristic. 

G.  E.  Palmer. 

The  most  certain  method  of  insuring  the  turning  off  and  on 
of  electric  signs,  or  other  flat-rate  installations,  is  by  the  patrol- 
man. There  is  always  more  or  less  trouble  with  automatic  time 
switches.  H.   T.   Hartman. 

By  means  of  automatic  switches.  Several  such  switches 
reliable  in  operation  are  on  the  market,  although  not  at  as  low 
a  price  as  might  be  desired.  J.  W.  Cowles. 

S  29.  What  should  be  the  oharaoteristios  of  an  inoandescent 
lamp  to  operate  satisfaotorily  on  25  cyoles? 

An  incandescent  lamp  that  will  give  a  satisfactory  illumina- 
tion when  operated  from  a  25-cycle  circuit  should  have  a  thick 
filament  so  as  to  prevent  customer  from  complaining  of  a  slight 
flicker  in  the  light.  (See  the  bulletin  of  the  University  of  Wis- 
consin, Engineering  Series,  Vol.  2,  No.  10.) 

DuGALD  C.  Jackson. 

Four  watts  per  candle.  Douglass  Burnett. 

Large  filament,  large  current  and  low  wattage. 

Augusta  Ry.  and  Elec.  Co. 

S  30.  Where  incandescent  lamps  are  nsed  for  street  light- 
ing, what  candle-power  lamp  should  be  used! 

Depends  upon  local  conditions.  A  fairly  even  distribution 
of  light  may  be  obtained  on  open  streets  by  i6-cp  lamps  100  feet 
apart,  though  ordinarily  not  less  than  32-cp  are  used  with  spacing 
of  150  to  200  feet  or  more.  Ralph  D.  Laxton. 

Incandescent  lamps  for  street  lighting  should  not  be  of  less 
than  32  candle-power  nor  more  than  50  candle-power.  Use 
32-cp  lamps  singly  and  in  clusters.  Lee  Boyer. 
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The  25-cp  lamp  is  the  most  common,  but  I  believe  that 
32-cp  is  a  great  deal  more  satisfactory.       F.  Ell  wood  Smith. 

Thirty-two-candle-power  or  50-candle-power. 

Douglass  Burnett. 

Lamps  of  16  and  of  32  candle-power  are  often  used,  but 
50-cp  lamps  give  better  satisfaction. 

Augusta  Ry.  and  Elec.  Co. 

Lamps  of  50  or  75  candle-power  are  generally  used. 

M.  A.  Hogan. 

Lamps  of  25  or  32  candle-power,  according  to  degree  of 
illumination  desired.  J.  W.  Cowles. 

Use  a  regular  shunt  box  and  a  25-cp,  4-watt  lamp.  This 
will  give  plenty  of  light  and  is  a  very  good  lighter. 

Fred  M.  Lege,  Jr. 

When  incandescent  lamps  are  used  for  street  lighting,  25-cp 
is  a  very  good  size  to  use.  Thomas  S.  Richardson. 

S  31.  (a)  Is  the  Nemst  lamp  much  used  for  street  light- 
ing! (b)  Does  it  prove  satisfactory  for  such  work,  and  what  are 
iti  faults? 

We  use  Nernst  lamps  on  streets  and  have  no  complaint  to 
make,  as  our  lamps  are  giving  satisfaction.  We  have  to  take 
them  down  only  once  every  two  months.  I  would  suggest  to 
lighting  plants  that  are  going  to  put  in  the  Nernst  lamp  for 
street  service  that  they  use  six-glower  lamps.       C.  T.  Harney. 

The  Nernst  lamp  is  used  in  some  instances  for  street  light- 
ing, but  not  generally,  because  it  will  not  burn  in  series. 

H.  J.  Meyer. 

While  the  Nernst  lamp  is  not  extensively  used  for  street 
lighting,  it  can  be  used  with  good  success.    The  failure  of  Nernst 
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lamps  in  street  lighting  can  be  traced  to  failure  to  furnish  rigid 
support  for  lamp,  and  to  inccHnpetent  attendants. 

Lbe  Boyer. 

(a)  This  company  uses  250  single-glower  lamps  for  street 
lighting  in  the  town  of  West  Hartford,  (b)  These  lights  have 
been  rimning  over  two  years  and  please  the  people  very  much 
indeed.  We  find  the  lamp  easily  taken  care  of  and  giving  results 
that  are  satisfactory  to  the  company.  A.  C.  Dunham. 

We  have  in  use  several  three-glower  and  six-glower  lamps 
as  street  lights,  and  they  have  given  very  satisfactory  results. 

G.    H.    CUSHMAN. 

We  have  in  use  at  present  90  six-glower  Nernst  lamps  for 
street  lighting  in  Sewickley.  This  installation  has  now  been  in 
use  for  about  five  years  and,  with  the  lamps  installed  at  a  good 
height,  they  have  always  given  good  satisfaction.  During  our 
earlier  experience,  a  careful  record  was  kept  from  which  the 
total  maintenance  was  estimated  at  slightly  more  than  half  a  cent 
per  kilowatt-hour.  This  we  estimated  to  be  slightly  less  than  a 
corresponding  cost  for  enclosed  arcs.  This  difference  is  to  a 
gi-eat  extent  due  to  the  saving  in  glassware. 

J.  M.  Uptegraff. 

One  of  the  difficulties  of  the  Nernst  lamp  for  street  lighting 
to-day  is  due  to  its  distribution  curves.  The  light  must  be 
placed  vertically  and  as  at  present  constructed  the  end-on  candle- 
power  is  too  high,  producing  a  spotted  effect.  This  is  also  true 
of  the  ordinary  type  of  arc  where  the  maximum  illumination 
instead  of  being  directly  under  the  light  (as  in  the  case  of  Nernst 
lamps)  is  about  10  or  15  feet  away  from  the  pole  with  a  very 
marked  decrease  as  it  goes  farther  toward  the  minimum,  half- 
way between  the  two  lights.  It  is  necessary,  in  order  to  use  the 
Nernst  lamp  properly  for  street  lighting,  except  where  the  lamps 
are  placed  very  high  and  close  together,  as  in  a  crowded  street, 
to  correct  the  distribution  curve.  Lamps  should  also  be  care* 
fully  placed  with  the  axis  of  the  glower  at  right  angles  to  the 
street,  so  as  to  get  the  maximum  illumination  up  and  down  the 
street  instead  of  across. 

A  further  necessity  in  street  lighting  with  Nernst  lamps  is 
to  use  a  diffusing  globe,  inasmuch  as  the  intensity  of  the  glowers 
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with  a  clear  glass  ball  is  so  dazzling  as  to  render  it  useless  for 
lighting  where  there  is  any  danger  of  its  coming  directly  in  line 
of  vision. 

There  has  recently  been  put  on  the  market  a  new  globe 
for  the  No.  i  Nernst,  which  effects  a  marked  change  in  distri- 
bution of  the  Nernst  light  over  the  sand-blasted  ball.  The 
diffusion  is  even  better  than  the  sand-blasted  ball,  while  the 
candle-power  directly  underneath  the  lamp  is  cut  down  from 
46  to  32  and  the  candle-power  at  10  degrees  below  the  horizontal 
(the  most  useful  angle)  is  increased  from  23  to  35. 

As  yet  there  are  ho  globes  on  the  market,  other  than  for 
No.  I  glower,  although  it  is  understood  that  it  is  the  intention 
of  the  manufacturer  of  this  globe  to  design  new  globes  for  this 
purpose. 

The  following  is  a  table  showing  the  results  with  a  sand- 
blasted and  the  new  globe  for  No.  i  Nernst  glower,  the  readings 
being  the  mean  of  four  planes  at  o  degrees,  30  degrees  and  90 
degrees  apart : 


rc^rees 

New  Globe 

Sand-blaft  Globe 

140 

4 

•  • 

135 

4 

•   • 

120 

5 

• 

105 

6 

9 

90 

25 

17 

75 

38 

25 

60 

39 

35 

45 

31 

41 

30 

31 

44 

20 

35 

49 

10 

34 

47 

0 

32 

39 

The  readings  above  given  are  from  tests  made  by  the 
Electrical  Testing  Laboratories.  V.   R.   Laksingh. 

S  32.  What  are  likely  to  be  the  causes  of  the  sticking 
or  welding  together  of  the  carbon  points  in  altemating-cnrrent 
series  enclosed  arcs,  especially  when  it  occurs  simultaneously 
in  several  lamps  en  a  circuit? 

Crooked  carbons.  Low  voltage  will  cause  the  carbons  to 
fall  together.  If  any  lamp  is  adjusted  to  receive  more  current 
than  its  portion  at  the  arc,  the  balance  will  jump  and  the  carbons 
then  come  together.     Poor  carbons  also  cause  this. 

Madison  Lt.  and  Ry.  Co. 
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If  clutches  work  properly  and  carbons  are  of  good  quality, 
current  must  be  too  high.  Ammeters  should  be  tested  for  proper 
calibration  and  transformer  adjusted  to  give  current  reading  in 
proportion  to  amount  of  load  carried.  For  example,  one  promi- 
nent manufacturer  gives  a  range  of  adjustment  from  6.6  amperes 
ammeter  reading  at  100  per  cent  load  down  to  6.35  for  50  per 
cent  load.  This  corrects  ammeter  errors  due  to  variable  power 
factor,  et  catera,  and  gives  approximately  same  current  at  lamps 
in  each  case.  Ralph  D.  Laxton. 


Low  voltage.  Augusta  Ry.  and  Elec.  Co. 

Your  trouble  is  more  than  likely  in  the  weights,  which  come 
loose  in  spite  of  everything  you  can  do.  I  think  this  is  due  to 
expansion  and  contraction.  Fred  M.  Lege^  Jr. 

Impurities  in  carbons.  M.  P.  R.,  N.  Y.  Ed.  Co. 


The  welding  together  of  carbons  under  conditions  described 
is  probably  due  to  their  slipping  through  the  clutches. 

Several  cases  occurring  simultaneously  would  probably  be 
occasioned  by  some  condition  of  jarring  the  lamps,  such  as  a 
wind  storm,  or  the  pumping  of  a  tub  transformer,  or,  possibly, 
jar  from  heavy  traffic  in  the  street. 

To  remedy  this  the  carbon  used  should  not  be  too  "slick 
and  shiny"  on  the  surface,  and  the  clutches  should  be  carefully 
adjusted  so  that  they  grip  the  carbons  firmly— except,  of  course, 
when  about  to  feed — ^and  care  should  be  taken  that  the  lamps 
have  no  undue  internal  vibration,  as,  for  instance,  from  a  magnet 
armature  drawn  up  so  far  that  the  yoke  rests  against  the  magnet 
spools.  P.  C.  Brown. 


I  should  say  the  lamps  are  out  of  adjustment.  When 
armature  hits  against  solenoid  it  keeps  jarring  the  clutches  and 
drops  carbon  down  so  that  points  come  together. 

John  J.  Gaffney. 
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T 

HEATING.  BATTERY  CHARGING  AND  POWER 

T  1.    What  are  the  central  stations  doing  to  help  along 
the  electrio-heating  industry! 


Extensive  advertising  and  low  rates  for  this  class  of  work. 

United  Elec  Lt.  Co. 


Advertising  things  that  would  be  used  intermittently;  sell- 
ing special  lines  at  practically  cost  as  "leaders;"  getting  supply 
houses  to  canvass  for  and  sell  the  apparatus;  arranging  demon- 
strations in  their  own  show-rooms  or  in  department  stores,  giv- 
ing the  customer  the  privilege  of  using  heating  service  on  either 
lighting  or  power  contracts  and  meters,  without  taking  note  of 
the  apparatus,  as  a  part  of  the  installation,  and  hence  increasing 
the  tendency  of  low  rates  for  both  classes  of  service. 

Douglass  Burnett. 

Articles  on  the  subject  appear  each  month  in  the  New  York 
Edison  Bulletin.  Circular  letters  and  return  postal  cards  are 
sent  out  with  bills.  Heating  and  cooking  appliances  are  dis- 
played in  the  branch  offices  of  the  contract  department. 

C.  W.  R.,  N.  Y.  Ed.  Co. 

Most  stations  carry  a  small  stock  of  heating  apparatus,  but 
few  of  them  do  one-half  the  business  they  might  by  a  little  more 
vigorous  soliciting  and  advertising.  You  can  not  expect  goods 
to  sell  themselves  unless  their  merits  are  entirely  familiar  to 
your  customers.  H.  T.  Hartman. 

From  data  that  the  writer  has  been  gathering,  it  is  evident 
that  most  of  the  central  stations  seem  to  be  carrying  a  stock  of 
heating  apparatus,  and  advertising  such  apparatus  more  or  less 
in  the  papers,  et  ccBtera,  Very  few  of  them  make  anything  but 
the  regular  lighting  rates,  and  practically  none  of  them  solicit 
specially  or  make  any  particular  inducements  for  the  use  of 
heating.     They  all  seem  to  be  very  much  interested,  but  the 


T  2       T— HEATING,  BATTERY  CHARGING,  ETC.        351 

general  opinion  seems  to  be  that  much  of  the  apparatus  is  be- 
yond the  means  of  the  average  consumer,  both  in  first  cost  and 
cost  of  operation.  John  F.  Gilchrist. 

T  2.  Does  the  exteniive  use  of  heatings  applianoes  prove 
to  be  a  desirable  loadt 

We  find  that  the  heating  appliances  prove  to  be  a  very  desir- 
able load.  United  Elec.  Lt.  Co. 

Yes,  in  the  case  of  such  appliances  as  electric  irons  in 
laundries,  clothing  shops  and  hat  factories.  No,  in  the  case  of 
residences,  in  which  latter  the  average  use  per  day  is  no  greater 
than  with  lighting.  Douglass  Burnett. 

Yes.  Heating  devices  take  a  steady  current  and  mostly  at 
the  non-peak  hours.  C.  W.  R.,  N.  Y.  Ed.  Co. 

There  can  be  no  doubt  of  the  desirability  of  the  load 
afforded  by  heating  appliances.  The  current  required,  how- 
ever, is  so  very  small  and  so  intermittent  that  it  is  doubtful 
whether  the  comparatively  limited  amount  of  heating  appliances 
in  use  really  affects  the  load  of  any  central  station.  But  even 
if  it  had  no  effect  at  all  it  would  still  be  most  desirable  for 
tlie  central  stations  to  extend  the  use  of  heating  appliances,  as 
anything  that  tends  to  make  electricity  convenient  and  popular 
will   undoubtedly   increase   its  general   application. 

H.  T.  Hartman. 

T  3.  What  is  the  best  method  of  charging  storage  batteries 
used  in  carriages? 

Arrange  with  some  active  stable  keeper  or  garage  to  provide 
charging  facilities;  or  provide  them  yourself  at  your  stable  and 
station ;  or  have  your  customers  provide  them  at  their  homes  on 
either  direct-current  220-volt,  direct-current  three-wire  or  alter- 
nating-current lighting  service — in  the  first  two  instances  in  con- 
nection with  rheostat,  and  in  the  third  instance  in  connection  with  a 
mercury  arc  rectifier.  Douglass  Burnett. 
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The  40-celI  carriages  are  charged  at  20  amperes  until  the 
proper  voltage  is  reached,  when  the  current  is  reduced  lo  10 
amperes  and  kept  on  until  the  voltage  is  again  normal. 

Half-hourly  readings  are  taken  in  order  that  the  batteries 
may  not  be  injured  by  an  overcharge. 

E.  A.  N.,  N.  Y.  Ed.  Co. 

There  are  no  two  storage  batteries  that  require  exactly 
the  same  treatment  as  to  rate  of  charge,  et  ccBtera.  The  best  way  to 
do  is  to  have  the  owner  get  from  the  manufacturer  of  the  stor- 
age battery,  definite  instructions  as  to  the  best  way  of  charg- 
ing each  particular  battery.  Geo.  H.  Jones. 

The  difficulties  ordinarily  met  with  in  charging  automo- 
bile storage  batteries  at  points  where  direct  current  of  the 
proper  voltage  is  not  immediately  obtainable,  consist  in  find- 
ing a  cheap  and  efficient  apparatus  for  adapting  the  source 
of  supply  to  the  voltage  required  for  the  battery  in  question. 
The  usual  method  employed  where  the  only  available  source 
of  current  is  alternating,  is  the  use  of  a  rotary  converter  or 
motor-generator.  This  method  involves  the  use  of  expensive 
apparatus,  special  transformers,  etccetera,  and  requires  almost 
constant  attention  from  an  attendant,  while  the  expense  is  con- 
siderable, particularly  in  the  case  of  a  private  installation.  Any 
method  of  obviating  these  difficulties  to  a  large  extent  might 
be  considered  the  best  method  of  charging.  The  use  of  a  mer- 
cury-vapor converter — operating  directly  from  the  local  alter- 
nating-current circuits  and  producing  a  steady  direct  current, 
capable  of  being  adapted  to  suit  the  battery  to  be  charged— over- 
comes most  of  the  difficulties  mentioned  and  enables  all  trans- 
formation and  regulation  of  current  to  be  performed  by  a  prac- 
tically self-contained  outfit.  Percy  H.   Thomas. 

T  4.  Is  there  a  good,  strong,  practical  rectifier  for  charging 
automobile  batteries  from  alternating-current  circuits? 

There  are  two  well-known  rectifiers  on  the  market  that  have 
thus  far  given  good  results.  It  is  stated  that  an  efficiency  of 
80  per  cent  is  secured.  The  tubes  are  guaranteed  for  400 
hours  but  the  manufacturers  claim  that  the  actual  life  is  much 
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longer,  some  having  been  in  use  over  1000  hours.     The  tubes- 
when  exhausted  may  be  renewed  at  a  slight  cost. 

E.  A.  N.,  N.  Y.  Ed.  Co. 

In  this  connection  we  desire  to  call  attention  to  a  certain 
make  of  mercury-vapor  converter  with  which  the  writer  has 
been  associated.  This  apparatus  employs  alternating  current 
derived  directly  from  the  local  lighting  or  power  mains,  and 
delivers  direct  current  which  may  be  regulated  by  means  of  a 
handle  mounted  upon  a  switchboard  so  as  to  suit  the  require- 
ments of  any  ordinary  electric  vehicle  battery.  The  efficiency 
of  this  apparatus  varies  from  80  to  85  per  cent,  thus  exceed- 
ing by  a  considerable  margin  the  ordinary  efficiency  of  rotary 
converters  and  motor-generators.  The  apparatus  is  simple  and 
entirely  automatic,  the  control  and  regulation  of  current  being 
effected  by  the  manipulation  of  two  switches  and  a  regulating 
handle.  The  apparatus  requires  no  expert  attention,  has  prac- 
tically no  moving  parts,  does  not  require  lubrication,  and  occu- 
pies only  a  fraction  of  the  space  required  by  a  rotary  converter 
or  motor-generator,  and  weighs  far  less.  It  may  be  mounted 
upon  a  table  or  shelf,  or  by  brackets  against  the  wall,  taking 
little  or  no  valuable  space.  It  will  also  automatically  restart  in 
case  the  current  supply  is  temporarily  cut  off,  while  the  danger 
from  a  discharge  of  current  from  the  battery  into  the  source 
of  supply,  frequently  encountered  in  rotary  converters  and 
motor-generators  and  due  to  temporary  lowering  of  the  supply 
voltage,  is  entirely  eliminated.  Percy  H.  Thomas. 

The  mercury  arc  rectifier  is  considered  satisfactory  for  charge 
ing  automobile  batteries  on  alternating-current  circuits. 

The  Philadelphia  Elec.   Co. 

T  6.    What  is  the  experience  of  members  with  mercury- 
vapor  rectifiers  for  automobile-charging  stations? 

Mercury  rectifiers  are  said  to  give  entire  satisfaction. 

E.  A.  N.,  N.  Y.  Ed.  Co. 

The  continued  use  of  mercury-vapor  converters,  of  a  cer- 
tain make  has  shown  them  to  be  particularly  free  from  the 
kind  of  troubles  met  with  in  motor-generator  apparatus.    They 
V.  2 — 23 


354        T— HEATING,  BATTERY  CHARGING,  ETC.       T  6 

require  no  oil,  there  is  no  danger  of  hot  bearings  and,  unless 
overloaded  or  abused,  apparatus  in  a  vacuum,  like  the  Cooper 
Hewitt  mercury-vapor  lamp,  seems  to  suffer  no  deterioration. 
They  are  not  sensitive  to  temperature,  dirt,  and  so  forth. 

Percy  H.  Thomas. 


Two  mercury  arc  rectifiers  have  been  in  service  for  one 
month  and  three  months,  respectively,  and  have  proven  fairly 
satisfactory.  The  apparatus  is  apparently  capable  of  satisfac- 
tory operation   with   unskilled  attendance. 

The  Philadelphia  Elec.  Co. 

T  6.  (a)  What  is  the  usual  price  for  current  for  charging 
the  batteries  of  electric  vehicles  ?  (b)  Is  a  minimum  charge  advis- 
able? (c)  Is  it  customary  for  the  central  station  to  fill  the 
batteries  with  electrolyte? 

We  make  a  special  rate  of  five  cents  a  kilowatt-hour  to 
those  customers  guaranteeing  to  use  a  day  or  night  service,  and 
keep  off  the  peak;  minimum  charge  $2.00  a  month;  our  regular 
rate  10  cents.  Douglass  Burnett. 


(a)  This  company  has  two  rates  that  charging  outfits  may 
secure.  One  at  six  cents  per  kilowatt-hour  with  a  guarantee 
of  $50.  This  of  course  is  only  applicable  to  large  installa- 
tions. 

(b)  The  rate  generally  used  is  the  ordinary  power  rate  of 
10  cents  per  horse-power  with  discounts,  and  a  minimum  of 
$3.00  per  month. 

(c)  The  question  of  refilling  batteries  with  electrolyte  is 
one  of  maintenance  and  under  no  circumstances  should  be  under- 
taken by  central  stations  whose  business  is  simply  to  sell  cur- 
rent. E.  A.  N.,  N.  Y.  Ed.  Co. 

(a)  It  is  good  practice  to  sell  current  for  charging  auto- 
mobiles on  the  power  basis,  figuring  rates,  minimum  bills, 
et  ccetera,  the  same  as  for  general  power  purposes,  (c)  I  think 
that  the  business  of  the  central-station  company  should  end  with 


T  7       T— HEATING,  BATTERY  CHARGING,  ETC.        355 

the  delivery  of  current  to  the  consumer's  switchboard.  The 
owner  should  lode  after  and  be  responsible  for  the  care  and 
maintenance  of  the  battery.  Geo.  H.  Jones. 

(a)  We  install  meters  in  charging  stations  with  a  minimum 
rate  of  $3.00  per  month,  (c)  We  have  nothing  whatever  to 
do  with  the  batteries.  S.  F.  Messer. 

T  7.  How  would  the  advent  of  a  cheap  and  satisfactory 
alternating-current  rectifier  affect  the  alternating-current  motor 
business?  Would  the  direct-current  motor  drive  the  alternating- 
current  motor  out  of  the  field? 

No;  not  even  if  the  rectifiers  were  given  away  with  the 
direct-current  motors.  J.  T.  Cowling. 

(a)  Probably  would  not  help  it.     (b)  No. 

Douglass  Burnett. 

The  advent  of  a  cheap  alternating-current  rectifier  would 
no  doubt  eliminate  alternating-current  motors  for  many  installa- 
tions where  they  are  now  used,  and  where  the  direct-current  motor 
would  be  more  desirable  from  speed  and  torque  considerations. 
However,  there  are  many  purposes  for  which  the  alternating- 
current  motor  is  peculiarly  adapted.  It  is  simple  in  construc- 
tion, practically  fool-proof,  can  never  run  away,  has  no  wearing 
parts  except  armature  bearings,  can  not  be  easily  burned  out 
by  overloading,  and  therefore,  has  advantages  peculiarly  its 
own,  just  as  the  direct-current  motor  has  advantages  peculiarly 
its  own.  G.  H.,  N.  Y.  Ed.  Co. 

Since  each  type  of  motor  has  its  field  there  seems  little 
danger  of  such  an  event.  Alternating-current  motor  develop- 
ment abroad  is  along  lines  that  broaden  the  field  and  indicate 
that  future  sales  will  even  exceed  the  increase  over  direct-cur- 
rent sales  during  the  past  two  years.  Logical  reasons  as  well  as 
practical  results  are  in  favor  of  the  rugged  alternating-current 
motor  as  against  the  double  commutation  or  combination  of 
rectification  and  subsequent  motor  commutation. 

The  Philadelphia  Elec.  Co. 
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The  effect  of  an  alternating-current  rectifier  on  alternating- 
current  motor  business  would  be  nil.  The  alternating-current 
motor  has  come  to  stay  and  it  is  only  a  matter  of  time  until  it 
will  be  displacing  the  direct-current  motor  to  a  very  large  extent. 

F.  G.  Proutt. 

In  many  cases  it  would  cause  a  change  from  alternating  to 
direct-current  motors,  especially  where  variable  speed  is  of  prime 
importance.  A  company  has  already  brought  out  a  variable- 
speed  single-phase  motor,  however.  I  hardly  think  that  the 
alternating-current  motor  will  ever  be  driven  from  the  field  by 
the  direct-current  motor,  especially  now  that  many  alternating- 
current  motor  patents  are  expiring  and  the  price  will  be  lowered. 

W.  R.  Collier. 

The  advent  of  a  cheap  and  satisfactory  alternating-current 
rectifier  would  be  very  desirable.  I  do  not  think,  however,  it 
would  have  much  effect  on  the  alternating-current  motor  busi- 
ness except  in  special  instances  where  wide  speed  variations  are 
necessary  for  small  motors.  The  alternating-current  motors  are 
here  to  stay.  As  the  present  prices  for  them  compare  favorably 
with  those  of  direct-current  motors  and  in  some  cases  are  lower, 
the  use  of  the  alternating-current  motor  is  bound  to  increase. 

Geo.  H.  Jones. 

The  advent  of  a  satisfactory  rectifier  would  materially  lessen 
the  alternating-current  business.  The  cheaper  generation  and  dis- 
tribution of  alternating  over  the  direct  current  would  cause  this  - 
method  to  be  introduced. 

(b)  The  greater  adaptability  to  commercial  conditions  df 
the  direct-current  motor  would  tend  to  drive  the  alternating- 
current  motor  out  of  business.  C.  D.  Wood,  Jr. 

T  8.  Which  is  more  important  to  the  central  station — ^hig^h 
power  factor  or  hig^h  efficiency  in  the  apparatus  receiving  power 
from  the  station? 

Central-station  managers  might  say  that  high  power  factor 
is  the  more  important  consideration.  On  the  other  hand  the 
chief  of  the  complaint  department,  to  whom  complaints  of  high 
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bills  come,  would  probably  say  that  high-efficiency  apparatus  is 
of  greater  importance.    No  doubt  both  are  very  important. 

George  Howe. 

High  power  factor,  as  that  not  only  affects  the  capacity 
of  the  generating  apparatus  but  the  capacity  of  all  transmission 
lines  as  well.  The  Edison  Elec.  Ill'g  Co.  of  Boston. 

High  power  factor.  Low  power  factor  would  cause  central- 
station  machines  to  become  overloaded  before  the  machines 
reached  their  normal  rated  capacity.  Low  efficiency  in  machines 
receiving  power  would  cause  a  loss  to  the  consumer  and  not 
to  the  central  station.  C.  D.  Wood,  Jr. 

T  9.  Does  the  average  induction  or  synchronous  polyphase 
motor  take  a  balanced  load? 

Yes.  J.  F.  DosTAL. 

Yes.  G.  F.  WiLLARD. 

I  have  made  many  tests  of  induction  motors  and  synchronous 
motors  of  the  polyphase  type,  and  will  say  that,  taking  every- 
thing into  consideration,  the  balancing  of  the  load  is  usually 
good.  There  are  many  cases,  no  doubt,  where  the  balance  is 
very  poor,  but  I  do  not  think  that  very  much  trouble  may  be 
expected  from  this  cause  in  the  usual  case. 

G.  H.,  N.  Y.  Ed.  Co. 

T  10.  Is  the  maintenance  of  a  single-phase  motbr  any  more 
troublesome  or  expensive  than  that  of  the  average  direct-current 
motor  ? 

Yes.  W.  H.  Greenslit. 

No;  not  so  expensive  as  the  direct-current  motor. 

F.  C.  S.,  Malden  Elec.  Co. 

No.  G.  F.  Willard. 

No :  not  so  much  so.  J.  F.  Dostal. 
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The  single-phase  alternating-current  motor  is  much  less 
trouble  and  entails  considerably  less  cost  for  maintenance  than  the 
average  direct-current  motor.  G.  Wilbur  Hubley. 


No.  Douglass  Burnett. 

Not  so  much  so.  J.  T.  Cowling. 

The  average  single-phase  motor  has  a  larger  maintenance 
cost  than  the  average  direct-current  motor.  This  matter  depends, 
however,  largely  on  the  type  of  motor  in  question.  I  have  in 
mind  one  type  of  single-phase  motor  with  which  I  have  had 
considerable  experience  whose  operation  was  largely  a  matter 
of  good  luck  and  chance.  Between  defective  clutches,  defective 
phase-splitting  devices  and  defective  armature-short-circuiting 
devices,  something  was  always  giving  trouble.     George  Howe. 

Single-phase  motors  are  much  less  troublesome. 

The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

No,  we  do  not  find  it  so. 

Augusta  Ry.  and  Elec.  Co. 

The  kind  of  single-phase  motor  now  in  general  use  seems 
to  compare  favorably  with  the  direct-current  motor  in  regard 
to  maintenance  and  operation.  C.  C  Gartland. 

The  cost  of  maintenance  of  single-phase  motor  is  less  than 
that  of  direct-current  motor.  F.  G.  Proutt. 

It  has  not  proved  to  be  so  with  this  company. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

We  have  not  found  single-phase  motors  any  more  trouble- 
some or  expensive  than  the  average  direct-current  motor.  In 
fact  the  alternating-current  induction  motors  do  not  require  the 
attention  that  direct-current  motors  do.  C.  W.  Koiner. 
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T  11.  What  ig  the  best  practice,  from  an  engineering  as  well 
as  from  an  underwriter's  standpoint,  in  designing  the  service 
leads,  and  the  fuses  supplying  induction  motors?  Should  the 
service  wires  and  fuses  be  of  such  capacity  as  to  handle  a  con- 
tinuous 100-per-cent  overload  on  the  motors? 

The  best  practice  for  motor-service  wires  is  to  install  wires 
large  enough  to  carry  full  load  without  excessive  drop  and  fuse 
about  25  per  cent  overload.  A  good  way  is  to  connect  com- 
pensator ahead  of  fuses  and  fuse  for  full  load  of  motor. 

H.  N.  Crandalu 

Yes.  G.  Wilbur  Hubley. 

When  starting,  single-phase  induction  motors  take  approxi- 
mately double  the  current  that  the  horse-power  of  the  motor 
calls  for.  Therefore,  to  avoid  continual  fuse-blowing  and  possible 
overheating  of  wires,  install  service  wires  and  fuses  to  handle 
100  per  cent  overload.  Warren  Partridge. 

Yes.  Compensator-started  motors  take  four  times  full-load 
current  at  starting. 

The  Edison  Elec.  Ill'g  Co.  of  Brocktox. 

The  fuses  should  not  be  of  sufficient  capacity  to  carry  a 
continuous  average  overload  of  100  per  cent  unless  it  is  known 
to  the  operator  and  he  has  some  reason  for  taking  the  risk. 
However,  50  per  cent  overload  is  permissible  for  a  couple  of 
hours  or  so.  C.  W.  Koiner. 

The  well-known  overload  capacity  of  the  induction  motor 
must  be  considered  in  designing  service  leads  and  fusea.  This 
overload  capacity,  however,  can  be  and  should  be,  limited  by 
the  fuses,  which  should  be  proportioned  to  protect  the  leads 
rather  than  the  motors.  If  the  leads  are  designed  to  carry  cur- 
rent to  the  extent  of  30  per  cent  in  excess  of  the  rated  capacity 
of  the  motor,  we  have  taken  care  of  all  starting  or  accelerating: 
inrush  that  the  motor  requires  under  normal  conditions. 

This  overload  capacity  of  alternating-current  induction 
motors  has  been  referred  by  the  National  Board  of  Fire  Under- 
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writers  to  a  special  committee  that  is  expected  to  report  shortly. 
Rules  governing  this  condition  from  their  standpoint  will 
undoubtedly  be  published,  therefore,  in  the  next  edition  of  the 
Code  rules.  A.  A.  P.,  N.  Y.  Ed.  Co. 

All  wiring  and  fuses  installed  in  connection  with  inductipn 
motors  should  be  of  sufficient  capacity  to  carry  twice  the  normal 
full-load  current  of  the  motor. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

T  12.  Is  there  any  way  to  prevent  throwing  of  oil  from 
an  oU  ring  bearing,  especially  on  small  motors  and  generators 
under  IS-hp  and  more  particnlarly  under  6-hp. 

After  especial  observation  of  this  point  for  a  considerable 
time,  the  statement  can  be  broadly  made  that  not  five  per  cent 
of  the  machines  observed  were  free  from  this  trouble  on  one 
or  both  bearings,  to  such  an  extent  that  very  frequent  filling  of 
the  oil  reservoirs  was  necessary.  In  the  cases  more  particularly 
observed  the  trouble  frequently  ceased  for  a  time,  and  often 
would  stop  on  one  bearing  and  begin  on  the  other  for  no 
apparent  reason. 

The  most  reasonable  explanation  of  the  cause  has  seemed 
to  be  that  it  is  due  to  air  currents  which  draw  the  oil  out  as 
it  is  passing  the  openings  while  it  is  in  a  finely  divided  state 
as  thrown  from  the  oil  grooves  of  the  shaft. 

With  enclosed  types  of  motors  it  is  often  possible  to  use 
on  the  outside  end  a  cap  packed  with  felt  which  rubs  on  the 
shaft  and  removes  all  oil  which  tends  to  creep  along  the  shaft 
by  capillary  attraction,  but  this  usually  transfers  the  difficulty  to 
the  inside  end  and  fills  up  the  machine  with  oil  which  in  a  short 
time  will  result  in  repairs  being  necessary.  H.  I.  Finch. 

Remove  part  of  the  oil;  the  probabilities  are  that  bearing 
is  too  full.  W.  H.  Greenslit. 

If  bearing  is  properly  constructed  and  oil  is  kept  at  its 
proper  level,  there  ought  not  to  be  any  oil  thrown.  See  that 
the  rings  travel  properly  and  that  bearing  is  clean.  If  this  is 
not  the  fault,  try  lowering  the  oil  in  reservoir. 

A.  Peters. 
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Use  a  heavier  grade  of  oil.  D.  Clinton  Shain. 

If  there  is  any  room  in  which  to  do  it,  increasing  the 
diameter  of  the  rings  will  obviate  it,  the  trouble  being  caused  by 
rings  revolving  too  fast,  due  to  the  nearness  in  size  to  the  shaft. 

C.  F.  Haywood. 

If  bearing  is  a  loose  fit,  there  will  be  a  tendency  for  oil 
to  be  forced  out  of  the  ends.  If  ends  of  boxes  touch  shaft, 
there  will  be  a  tendency  for  oil  to  siphon  over,  and  to  drip  on 
inside  of  pulley,  from  which  it  is  thrown.  Should  there  be 
sufficient  room  between  end  of  box  and  end  of  bearing  to  put 
a  leather  ring  on  shaft,  this  will  prevent  the  oil  from  creeping 
further,  as  it  will  collect  and  be  thrown  from  any  diameter 
greater  than  shaft  itself.  Chas.  H.  Peters. 

Cut  a  groove  around  the  shaft,  close  to  bearing,  making  it 
nearly  perpendicular  on  the  bearing  side,  with  considerable  slant 
on  the  opposite  side.  The  centrifugal  force  will  tend  to  throw 
the  oil  off  the  shortest  way,  hence  up  the  steep  side  into  the 
bearing.  The  Colorado  Springs  Elec.  Co. 

T  13.  Are  the  individual  motor-driven  refrigerating  devices 
now  on  the  market  practical  from  a  standpoint  of  economy  and 
profit  to  central  stations? 

Probably;  though  the  best  use  of  electric  power  should  be 
obtained  on  machines  from  five  to  twenty  tons  per  day  capacity. 

Douglass  Burnett. 

The  development  of  electrical  refrigeration  in  New  York 
city  and  in  other  large  cities  is  positive  evidence  that  it  is 
entirely  successful  in  every  way.  From  the  standpoint  of  the 
central-station  manager  it  is  a  most  desirable  load,  as  it  is 
probably  more  uniform  and  constant  than  any  other  power 
load.  A  refrigerating  machine  of  10  horse-power  usually  brings 
as  much  revenue,  due  to  the  length  of  time  per  day  during  which 
it  is  operating,  as  a  100  horse-power  installation  in  many  other 
industries.  From  the  standpoint  of  the  consumer,  it  is  very 
expensive  to  operate  a  small  plant  both  night  and  day.  Not 
only  is  such  a  plant  expensive  owing  to  its  small  size,  but  also 
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to  the  fact  that  a  double  and  often  a  triple  shift  of  men  must 
be  employed  to  operate  it;  also  because  its  constant  operation 
and  the  consequent  strain  on  the  machinery  causes  frequent 
breakdowns  and  a  large  repair  account.  It  is  my  opinion  that 
electrical  refrigeration  is  one  field  in  which  the  consumer  and  the 
company  will  find  much  that  is  mutually  attractive. 

G.  H.,  N.  Y.  Ed.  Co. 

Individual  motor-driven  refrigerating  sets  are  giving  good 
satisfaction  in  apartment  houses,  drug  stores,  saloons,  dairies, 
butcher  shops,  groceries  and  for  special  work  in  many  indus- 
tries requiring  constant  low  temperatures.  The  writer  has  never 
heard  of  a  single  case  where  they  failed  to  give  satisfaction  to 
the  customer.  As  the  cost  to  him  is  less  than  with  other  appa- 
ratus, and  as  the  load  is  a  long-hour  one  and  a  maximum  in 
summer-time,  it  is  certainly  a  very  desirable  business  for  central 
stations.  The  Philadelphia  Elec.  Co. 

There  are  motor-driven  refrigerating  devices  on  the  market 
that  are  perfectly  practical,  both  from  a  standpoint  of  economy 
and  of  profit  to  the  central  station.  The  load  is  a  most  desirable 
one,  as  it  is  never  on  the  peak  except  in  the  case  of  meat 
markets,  et  ccetera,  which  require  more  or  less  refrigeration  all  the 
year  round,  and  even  in  such  cases  arrangements  can  generally 
be  made  to  keep  them  off  the  peak.  H.  T.  Hartman. 

T  14.  Are  there  any  electric-light  stations  that  are  fur- 
nishing current  for  motors  operating  water-works  pumping  plants 
situated  at  a  distance  from  the  station,  and  with  what  success? 

We  have  just  installed  a  General  Electric  form  K,  three- 
phase,  2300-volt,  50-hp  induction  motor  to  operate  a  centrifugal 
pump  for  the  Ralph  Beaton  Water  Company  of  this  city.  This 
pump  is  situated  at  a  reserve  reservoir  about  two  miles  from  the 
main  pumping  station.  There  is  no  attendant  at  the  station  where 
the  motor  is  located.  The  motor  is  started  from  the  main 
station,  an  ammeter  indicating  whether  or  not  it  comes  to  speed 
properly. 

Immediately  after  installation  heavy  rains  made  its  use  for 
the  present  unnecessary,  so  we  can  not  say  how  long  it  will 
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operate  successfully,  but  if  party  asking  this  question  will  com- 
municate with  us  some  months  from  now  we  will  gladly  give  him 
the  benefit  of  our  experience.  W.  H.  Thomson,  Jr. 

The  DeKalb-Sycamore  Electric  Company  furnishes  current 
for  motors  operating  water-works  pumps,  situated  at  a  distance 
of  about  2000  feet  from  the  station,  with  excellent  results. 

The  transmission  lines  are  arranged  so  that  the  motors  are 
controlled  from  the  generating  station.  The  motors  and  pumps 
are  run  without  an  attendant  for  24  hours  each  day,  more  or  less, 
except  that  an  attendant  visits  the  pumping  plant  twice  each 
day  and  puts  in  about  one  hour  at  each  visit  in  caring  for  the 
machinery.  W.  H.  Zimmerman. 

We  are  working  satisfactorily  two  water-works  pumps  on 
500-volt  railway  service.  Augusta  Ry.  and  Elec.  Co. 

T  16.  (a)  Is  it  good  practice  to  use  motor-driven  pninpi 
for  city  pumping  for  a  standpipe  system  in  a  town  of  from  3000 
to  6000  people?  (b)  Which  are  the  best  adapted,  gear  plunger 
pumps,  duplex  pumps,  or  turbine  pumps?  (c)  What  would  be 
the  cost  of  installation,  also  rates  per  kilowatt-hour  for  which  it 
could  be  done  to  show  a  profit  in  a  24-hour  plant? 

No,  unless  some  other  power  is  available  for  immediate  use, 
as  lightning  might  start  a  fire  in  the  town  and  put  the  electric 
service  out  of  commission;  at  the  same  time  it  would  be  very 
risky.  J.  T.  Cowling. 

This  question  has  been  taken  up  and  considered  so  many 
times,  and  results  from  such  consideration  have  been  so  varied 
that  little  more  can  be  added  that  is  new.  It  is  my  opinion,  that 
the  triplex  pumps  would  give  better  service.       George  Howe. 

T  16.  What  is  the  best  way  to  handle  elevators  on  alter- 
nating-current system  having  small  units  and  light  load? 

Belted  elevators,  so  arranged  that  the  elevator  can  not  be 
started  until  the  motor  is  up  to  speed.  G.  B.  Leland. 
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Friction  cone  pulleys  can  be  used. 

G.  Wilbur  Hubley. 

The  best  way  is  not  to  have  direct-connected  elevators  on 
small  alternating-current  units,  as  they  will  affect  the  voltage, 
even  with  the  best  regulation  on  the  machine. 

(Unsigned.) 

The  operation  of  an  electric  elevator  on  a  system  such  as 
mentioned  is  apt  to  be  troublesome  at  the  best,  unless  it  can  be 
taken  care  of  on  a  special  rotary-converter  system,  the  elevator 
motor  to  operate  at  240  volts,  direct  current.  The  best  type 
alternating-current  motor  available,  on  the  market,  is  either  the 
t)^e  M  General  Electric  or  the  Crane  type  Westinghouse. 

N  The  repulsion  type  of  motor,  which  is  now  being  developed 
to  a  high  state  of  efficiency,  is  well  worth  investigating  for  this 
class  of  service.  A.  A.  P.,  N.  Y.  Ed.  Co. 

Probably  tigrht  and  loose  pulleys  will  be  the  best. 

Augusta  Ry.  and  Elec.  Co. 

The  best  way  to  handle  elevators  on  alternating-current 
system  is  to  run  separate  power  circuit  from  the  generating 
station,  and  if  the  station  is  equipped  with  polyphase  generators, 
run  this  power  circuit  polyphase,  using  polyphase  motors  on  the 
elevators,  which  system  is  now  entirely  satisfactory.  If  the  sta- 
tion is  equipped  with  single-phase  apparatus,  single-phase  motors 
are  now  on  the  market  that  would  take  care  of  the  business 
equally  as  well  as  either  three-phase  or  direct  current. 

F.  G.  Proutt. 

T  17.  What  is  the  energy  consumption  per  car  mile  of  high- 
speed, hydraulic,  electrio-driyen  elevators? 

Motor-driven  pumping  outfits  cost  for  current  from  three 
to  nine  times  the  cost  for  direct  electric  elevators.  In  one  case 
it  is  claimed  that  motor-driving  hydraulic  elevators  is  cheaper 
than  steam-driving;  in  another,  the  cost  of  electric  power  for 
summer  service  when  the  boilers  are  not  operating  is  as  great 
as   we   would   guarantee   as   a  maximum    for   an   entire   year's 
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servic.e  if  the  apparatus  were  replaced  by  direct  electric.  Figure 
five  kilowatt-hours  a  car-mile  for  direct  electric  elevators.  Ele- 
vators of  2000  pounds  at  300  feet  a  minute  may  operate  at 
three  kilowatt-hours  or  less  per  car-mile. 

Douglass  Burnett. 


The  energy  consumed  by  an  electric-hydraulic  elevator  may 
be  stated  as  about  double  that  of  the  plain  electric  elevator. 
From  the  many  tests  that  we  have  conducted,  we  will  say  that 
the  cost  of  the  electric-hydraulic  elevator  will  range  from  five 
to  eight  kilowatt-hours  per  car-mile,  depending  upon  its  speed, 
capacity  and  type.  G.  H.,  N.  Y.  Ed.  Co. 


A  number  of  tests  on  electric-hydraulic  elevators  show  a 
consumption  per  car-mile  of  from  5.3  to  8.1  kilowatt-hours. 

The  Philadelphia  Elec.  Co. 


T  18.  What  has  been  the  experience  with  motor-driven, 
two  or  three-stage  centrifugal  pumps  in  connection  with 
electric-hydraulic  elevators?  (a)  with  direct-current  motors  and 
(b)  with  alternating-current  motors? 

The  general  experience  of  those  who  have  tried  this  installa- 
tion is  that,  where  space  is  at  a  premium,  the  turbine  pump  may 
be  used  to  advantage.  This  is  the  case  at  the  11 6th  street  station 
of  the  Ninth  avenue  elevated  railroad.  However,  the  efficiency 
of  the  turbine  pump  is  much  less  than  that  of  the  triplex-force 
pump,  and  therefore  under  ordinary  conditions  the  former  is 
more  desirable.  I  should  sav  that  the  direct-current  motor  in 
either  case  would  be  preferable  to  the  alternating  current  for 
operating  the  pump.  G.  H.,  N.  Y.  Ed.  Co. 

T  19.  What  measures  should  be  taken  to  promote  the  sale 
of  power  to  fanners  for  driving  agricultural  machinery? 

Have  central-station  managers  take  up  farming  as  a  side 
line.  Fred  B.  Sharpe. 
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The  establishing  of  lines  of  alternating-current  distribution 
and  individual  transformers  throughout  the  farming  sections. 
Introducing  a  flat-rate  principle  of  charging  as  low  as  possible, 
consistent  with  a  fair  return  on  the  money  invested. 

C.  D.  Wood,  Jr. 

Sell  motor  equipment  at  cost  as  a  starter.  Don't  add  any 
tax  in  the  way  of  high  minimum  charges.  Advertise,  and  make 
a  ''demonstration"  or  public  test.  Douglass  Burnett. 

T  20.  What  advantages  has  the  indnction  motor  over  syn- 
chronous motors? 

Induction  motors  have  advantage  over  synchronous  motors 
of  lower  first  cost,  great  saving  in  weight,  floor  space  and  cost 
of  installation,  as  well  as  simplicity  of  operation  and  freedom 
from  mechanical  and  electrical  complications.  The  induction 
motor  is  in  practice  the  simplest  known  piece  of  electrical  appa- 
ratus and  may  be  located  almost  anywhere  and  controlled  from 
any  convenient  point  on  the  system.  It  is  common  practice  to 
suspend  them  in  sizes  up  to  150  or  200-hp  from  beams  of  cotton 
mills,  or  other  large  manufacturing  establishments,  making  prac- 
ticable the  utilization  of  the  entire  floor  space  for  manufacturing 
purposes.  Ralph  D.  Laxton. 

See  answer  to  question  K  18.        M.  P.  R.,  N.  Y.  Ed.  Co. 

Induction  motor,  except  for  the  condenser,  will  stand  more 
rough  usage.  Augusta  Ry.  and  Elec.  Co. 

Starting  torque  high  and  adjustable,  may  be  several  times 
full-load  torque.    Motor  can  start  with  load. 

Maximum  torque  at  reduced  speed,  which  shows  excessive 
load. 

Speed  may  be  varied  if  necessary. 

Simplicity  of  starting  devices  and  absence  of  rheostats  and 
instruments. 

No  necessity  of  skilled  attendance  to  get  best  results. 

Rugged  and  simple  construction  throughout. 


T  21     T— HEATING,  BATTERY  CHARGING,  ETC.        367 

No  reaction  upon  generator  and  no  danger  of  injury  to  motor 
in  case  current  is  lost  through  fuses,  et  ccetera. 

The  Philadelphia  Elec  Co. 

A  few  advantages  of  the  induction  motor  over  the  syn- 
chronous motor  are  as  follows:  Simpler  construction;  greater 
starting  torque ;  requires  less  attention ;  better  line  regulation  on 
variable  loads.  Geo.  H.  JoNts. 

This  is  fuUv  discussed  in  the  Electric  Club  Journal  of  Feb- 
ruary,  1905.  A.  Balsley. 

There  is  no  comparison  whatever  between  induction  motors 
and  synchronous  motors  in  small  units.  The  induction  motor 
has  a  small  starting  current,  does  not  require  direct-current  ex- 
citation and  its  fields  do  not  have  to  be  adjusted  to  meet  varying 
conditions  of  load  as  is  the  case  with  the  synchronous  motor. 

H.  T.  Hartman. 

In  general,  the  induction  motor  is  preferable  to  the  syn- 
chronous motor  for  the  following  reasons: 

Simplicity  of  structure; 

Simplicity  of  operation; 

Not  so  liable  to  hunt ; 

Does  not  impress  its  own  characteristics  on  the  circuit; 

Momentary  drop  in  voltage  not  likely  to  cause  motor  to 
drop  out  and  stop; 

No  exciter  required. 

The  chief  advantage  of  the  synchronous  motor  is  its  power 
of  affecting  the  power  factor  of  the  circuit  by  adjusting  its 
field.  The  concurrence  of  so  many  factors  are  necessary  for 
this,  however,  that  good  results  in  this  direction  are  the  excep- 
tion rather  than  the  rule.  S.  R.  Inch. 

T  21.  Give  some  method  for  switching  large  synchronous- 
motor  units  to  the  snpply  mains,  avoiding  the  use  of  starting 
compensator  or  separate  starting  motor. 

This  can  be  done  by  having  the  motor  wound  with  two 
windings,  which  can  be  connected  in  series  for  starting  and  in 
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parallel  for  running  after  the  machine  has  attained  synchronous 
speed.  This  would  reduce  the  starting  current,  but  the  addi- 
tional expense  for  the  winding  and  the  complicated  switching 
required  would  more  than  offset  the  cost  of  the  starting  com- 
pensator. D.  W.  Roper. 

T  22.  How  do  small  electrically-operated  refrigferating  ma- 
chines compare  in  operating  cost  with  ice,  300  pounds  per  day? 

One  manufacturing  company  proposes  to  install  them  for 
the  amount  of  the  ice  bill.  Douglass  Burnett. 

• 

There  are  a  number  of  electrically-operated  refrigerating 
machines  in  practical  operation  to-day.  In  one  make  of  this 
apparatus  the  electric  motor  is  thrown  on  or  off  by  a  connection 
that  is  controlled  through  a  thermostat.  It  has  been  found  in 
New  York  city  that  these  machines  are  less  expensive  in  opera- 
tion than  is  ice,  the  cost  of  the  power  consumed  approximating 
$i.oo  a  ton  while  the  additional  items  of  cost  are  small. 

S.  C.  Foster. 

With  ice  at  $6.oo  per  ton  and  current  at  lo  cents  per  kilo- 
watt-hour the  motor-driven  machine  will  in  this  size  save  the 
customer  from  35  to  50  per  cent  in  dollars  and  cents,  and  will 
give  him  better  and  more  exact  results  than  he  could  possibly 
attain  by  the  use  of  ice.  These  figures  allow  for  interest  upon 
the  investment  and  that  the  life  of  the  apparatus  be  fifteen  years. 

The  Philadelphia  Elec.  Co. 


XJ 

METERS 

V  1.    What  has  been  the  experience  with  prepayment  me- 
ters? 

Quite  satisfactory.  W.  H.  Greenslit. 

The  experience  of  several  users  of  direct-current  prepayment 
meters  has  not  been  entirely  satisfactory.     The  fault  seems  to 
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be  in  the  tripping  device,  and  in  consequence  of  this  there  have 
been  discrepancies  between  the  amount  of  money  in  the  coin 
receptacle,  the  indicated  use  of  current  according  to  the  meter 
register,  and  the  dial  showing  the  amount  of  current  still  to  the 
credit  of  the  customer.  A.  H.  A.,  N.  Y.  Ed.  Co. 

Some  of  the  largest  gas  companies  are  discontinuing  their 
use.  R.  N.  Kimball. 

Prepayment  meters  are  proving  very  valuable  in  building 
up  a  class  of  customers  who  have  no  financial  responsibility,  and, 
consequently,  can  not  be  handled  by  any  other  method  than  that 
of  cash  on  delivery.  In  nearly  every  city  of  any  size  there  will 
be  found  a  large  number  of  people  of  this  class  who  are  ready 
and  willing  to  take  the  light  if  the  local  company  will  furnish  it. 

There  seems  to  be  a  decided  preference  on  the  part  of  both 
customers  and  companies  for  using  a  unit  coin  of  not  less  than 
25  cents,  as  the  customer  frequently  strenuously  objects  to  mak- 
ing frequent  trips  to  the  meter,  which  are  inevitable  with  smaller 
units.  M.  Carrington. 

V  2.  What  effect  have  slot  meters  upon  tales;  have  they 
reduoed  or  increased  sales  t 

% 
They  increase  revenue.  W.  H.  Greenslit. 

Better  put  in  a  regular  meter.  Douglass  Burnett. 

See  answer  to  question  U  i.  M.  Carrington. 

The  company  represented  by  the  writer  has  found  slot 
meters  good  pioneering  devices  for  certain  classes  of  business, 
where  people  are  prejudiced  against  running  up  bills  that  have 
to  be  paid  at  the  end  of  the  month,  or  where  their  credit  is  not 
good,  and  they  do  not  wish  to  put  up  deposits.  When  the  slot 
met^r  has  been  perfected  so  as  to  overcome  some  of  the  present 
difEculties,  notably  the  inability  to  change  the  rate,  it  undoubt- 
edly will  bring  considerable  business.  John  F.  Gilchrist. 
V.  2 — 24 
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V  3.  What  fatiifaction  have  ilot-maohine  prepayment  me- 
ters giyen;  have  they  been  found  as  efficient  generally  as  the  other 
meters?  Assuming  slot  meters  to  be  entirely  satisfactory!  would 
it  be  considered  good  policy  to  install  them  for  any  consumer 
who  wished  to  be  supplied  with  onci  or  would  it  be  better  to 
supply  them  only  to  doubtful  consumers? 

Supply  any  customer  who  wants  one  and  persuade  a  doubt- 
ful customer  to  have  one.  W.  H.  Greenslit. 

Note  answer  to  U  i.  There  are  several  prepa)rment  meters 
on  the  market,  representing  types  of  direct-current  and  alterna- 
ting-current meters.  The  device  is  subject  to  the  criticisms  of 
the  regular  type  meter,  and,  additionally,  to  inherent  faults  of  the 
slot  machine.  Many  customers  of  central  stations  in  the  East 
prefer  monthly  bills  rather  than  the  annoyance  of  attention  to 
the  device  by  both  himself  and  the  company's  meter  men.  The 
largest  field  is  unquestionably  in  apartment  houses. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

The  prepayment  device  for  meters  has  not  been  found  as 
reliable  as  the  meters  alone.  With  a  satisfactory  device  I  think 
it  would  be  good  policy  to  install  a  prepayment  meter  for  any 
customer  desiring  one,  provided  there  be  a  guaranteed  monthly 
income.  O.  J.  Bushnell. 

V  4.  How  can  you  satisfy  the  customer  that  his  meter  reg- 
isters his  consumption  correotly? 

It  is  impossible.  F.  C.  S.,  Malden  Elec.  Co. 

The  simplest  and  crudest  way  is  to  have  your  customer  turn 
on,  say,  one  lamp,  and  note  the  speed  of  the  meter,  then  turn 
on  another  lamp  and  note  that  the  meter's  speed  is  doubled; 
three  lamps,  etc.  This  appeals  directly  to  the  eye  and  is  often 
amply  sufficient. 

Where  questions  of  considerable  accuracy  are  concerned, 
however,  the  meter  should  be  tested  on  the  customer'^  premises 
under  his  own  working  conditions  and,  preferably,  with  his 
own  load.    This  can  be  most  easily  done  by  means  of  another 
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meter  of  known  accuracy,  by  merely  comparing  the  two.  If 
the  accuracy  of  this  standard  meter  is  questioned  it  then  becomes 
necessary  to  test  the  standard  meter  under  laboratory  conditions. 

E.  W.  GOUGH. 

Qne  way  is  to  take  the  customer  to  the  meter,  explain  as 
clearly  as  possible  its  action,  tell  him  what  current  a  given  candle- 
power  lamp  is  supposed  to  consume  and  what  it  will  record  on 
the  meter  dial  for  a  given  length  of  time.  Then  tell  him  to 
test  the  meter  himself  by  burning  a  given  number  of  lamps 
a  certain  period  of  time.  E.  A.  Vaughn. 

By  explaining  details,  and  taking  pains  to  show  him  the 
working  of  the  meter;  show  him  how  readily  it  will  stop  and 
start  and  have  him  take  active  part  in  test;  be  particular  to 
show  him  that  you  are  thoroughly  honest  in  the  matter,  and  that 
you  are  giving  him  especial  attention;  show  him  that  jewel  wear 
will  make  a  meter  run  slow  and  the  chances  are  that  you  will 
gain  his  confidence.  W.  H.  Greenslit. 

Practical   demonstration   and   tests   should   be   convincing. 

G.  Wilbur  Hubley. 

It  is  often  impossible  to  satisfy  a  customer  that  his  meter 
registers  correctly,  but  I  have  had  pretty  fair  success  in  show- 
ing him  how  to  read  his  meter,  then  explaining  to  him  that 
at  16  cents  per  kilowatt-hour  a  i6-cp  lamp  will  consume  about 
one  cent's  worth  of  energy  for  eadi  hour  it  burns,  and  letting 
him  test  it  for  himself.  Customers  are  usually  willing  to  pay 
a  cent  an  hour  for  current  to  run  a  i6-cp  lamp.  I  seldom  find 
a  lamp  that  consumes  a  c«it's  worth  of  energy  per  hour,  but 
Qccasiposdly  one  will  do  so,  hence  I  put  the  margin  on  a  safe 
basis.  P;  H.  Hodges. 

Have  consumer  turn  on  given  number  of  lamps  for  a  given 
time,  show  him  how  to  read  meter  and  figure  bill.         • 

Fred  B.  Sharpe. 

Teach  him  to  read  his  meter.  If  he  is  not  then  satisfied, 
take  the  meter  to  plant  and  test  it  with  a  standard.     If  he  is 
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Still  unsatisfied,  measure  the  voltage  of  his  lamps  and  teach  him 
to  fig^ire  the  amount  of  consumption  from  the  number  of  lamps 
and  hours  used.  Madison  Lt.  and  Ry.  Co. 

Know  that  your  meter  is  correct. 

Know  the  wattage  of  his  lamps,  then  read  th^  meter  witli 
him,  and  have  him  turn  on  a  number  of  lights  and  bum  them 
several  hours.  Then  read  the  meter  again;  reduce  the  cur- 
rent consumed  to  lamp-hours,  and  have  your  customer  reduce 
his  record  to  lamp-hours,  then  compare  figures.  If  you  are 
careful,  you  will  convert  him.  Don't  pretend  to  come  closer 
than  five  per  cent.  Mention  variable  voltage,  irregular  wattage 
of  lamps,  and  other  plausible  reasons.  Elbert  D.  Kelley. 

To  satisfy  the  consumer  that  his  meter  is  registering  his 
consumption  correctly,  you  should  know  what  the  voltage  of 
the  circuit  is  at  his  residence.  Test  up  some  lamps  of  the  same 
candle-power  he  is  using  on  that  voltage,  tell  thc.constuner  what 
wattage  each  lamp  should  take,  turn  on  lo  of  them,  then  show 
him  where  the  hands  will  point  in  one  hour  with  lo  lamps  on. 
As  an  example,  suppose  his  lamps  were  i6-cp  and  they  con- 
sumed 3.5  watts  per  candle-power  on  lOO  volts.  The  wattage 
of  each  lamp  would  be  56  watts  and  560  watts  on  all  10  of 
them.  In  one  hour  the  meter  will  have  recorded  560  watt- hours 
or  .56  of  a  kilowatt-hour.  If  the  dial  reads  in  tenths  of  a 
kilowatt-hour,  the  first  hand  will  have  passed  the  5  and  .6  of 
the  next  division. 

If  a  more  accurate  method  is  desired,  it  can  be  obtained 
by  connecting  a  portable  wattmeter  in  the  circuit.  Turn  on  a 
number  of  lamps,  read  the  wattage  indicated  by  the  portable 
instrument,  and  tell  the  consumer  how  many  revolutions  the 
meter  should  make  in  60  seconds  on  that  wattage.  If  the  meter 
makes  that  number  of  revolutions  in  less  than  that  time  it  will 
be  fast,  and  if  it  takes  more  than  60  seconds  the  meter  is  slow. 
If  the  meter  should  be  a  second  or  two  fast,  the  consumer  may 
think  he  is  paying  out  considerable  more  money  than  he  should ; 
then  you  will  have  to  show  him  what  per  cent  fast  his  meter  is 
and  what  it  amounts  to  in  dollars  and  cents.  This  can  be  done 
by  using  the  meter-testing  formula  of  the  particular  meter  you 
are  testing  to  find  the  wattage  it  is  recording.    The  wattage  of 
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the  circuit  is  already  indicated  by  the  portable  wattmeter;  this 
wattage  is  called  the  standard  watts  and  the  other  the  meter 
watts.  Find  the  diflference  between  the  two  wattages,  then 
divide  the  standard  watts  into  the  diflference  and  the  result  will 
be  the  per  cent  error.  If  the  error  is  one  per  cent  fast,  the 
meter  will  be  running  at  loi  per  cent  eflBciency  or  recording  one 
per  cent  more  than  it  should,  which  would  mean  that  the  cus- 
tomer is  paying  one  per  cent  of  his  bill  too  much. 

J.  B.  Mills. 

By  having  customer  present,  and  showing  him  that  a  50- 
watt  lamp  will  register  50  watts  on  meter  in  an  hour. 

The  Colorado  Springs  Elec.  Co. 

The  best  method  we  have  thus  far  found  of  satisfying  a 
customer  that  his  meter  registers  correctly,  is  to  show  him  how 
to  read  his  meter  and  induce  him  to  make  a  trial  with  a  cer- 
tain number  of  lamps  for  a  certain  period,  explaining  to  him 
how  much  those  lamps  should  consume. 

J.  S.  Whitaker. 

We  show  the  customer  the  cost  of  burning  one  or  more 
lights  per  hour,  and  at  the  same  time  we  request  the  customer 
to  check  or  count  the  hours  lights  burned  per  month,  and  to 
compare  the  result  with  bill  rendered.  This  method  is  gener- 
ally satisfactory. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

By  having  the  meter  tested  by  a  competent  and  impartial 
outside  party.  Electrical  Testing  Laboratories. 

Yes ;  I  have  done  so  with  a  portable  ammeter  and  voltmeter. 

Fred  H.  Beck. 

After  you  have  tested  the  meter  and  found  it  correct,  show 
the  customer  how  to  read  it,  then  both  you  and  the  customer 
get  a  reading.  Get  his  average  burning,  say  10  i6-cp  at  56  watts 
per  lamp,  making  560  watts  the  total  constunption  per  hour. 
Then  tell  the  customer  where  the  hand  on  the  dial  will  stand 
after  the  lamp-hour  test.  Clayton  Geiger. 


374  U— METERS  U  4 

Invite  the  customer  to  the  testing  department,  and  if  he  will 
not  accept  take  an  indicating  meter  to  his  house  or  store,  and 
with  a  small  bank  of  lamps  you  can  show  him  how  much  of  a 
load  you  are  running,  and  can  also  test  his  meter.  Show  him 
that  the  meter  does  not  run  all  the  time.  Shut  off  the  lights  and 
turn  them  on  again,  and  do  all  in  your  power  to  prove  to  him 
that  you  are  honest  in  the  matter,  and  just  as  anxious  to  have 
the  meter  right  as  he  is.  H.  E.  Ryder. 

Have  him  make  a  test  with  a  certain  lamp  load,  burning  a 
certain  length  of  time ;  or  make  a  test  for  him,  and  go  on  record 
about  the  test.  Douglass  Burnett. 

We  have  satisfied  many  customers  by  installing  for  four  or 
five  days  each  month  at  their  premises  a  Bristol  recording  watt- 
meter, which  would  indicate  the  number  of  lights  burned  at 
different  times  and  how  long  they  burned.  We  would  move  this 
around  and  install  at  five  or  six  heavy  kickers'  each  month  and 
take  the  charts  to  them  and  tell  them  positively,  as  the  case  might 
be,  that  they  did  have  lights  burning  all  night,  and  they  would 
generally  admit  it  and  acknowledge  that  perhaps  the  meter  was 
not  overcharging  them.  W.  H.  Thomson^  Jr. 

We  test  the  meter  for  the  customer  and  tell  him  all  we  know 
about  the  operation  of  the  meter  and  the  test.  We  find  that  it  is 
good  policy  to  let  the  customer  know  all  about  the  operation  of 
the  meters  and  when  they  are  familiar  with  it  there  is  less  com- 
plaint. United  Elec.  Lt.  Q). 

The  more  correct  information  a  customer  has  about  his 
meter  and  his  service,  the  more  easily  he  is  satisfied;  the  less 
a  customer  knows  the  more  difficult  he  is.  Give  him  painstaking 
instructions  how  to  read  his  meter.  Show  him  how  to  test  it 
by  turning  on  one  lamp,  then  another,  then  several,  et  ccBtera,  up 
to  full  load.  Show  him  that  the  meter  will  not  "go  round"  when 
no  load  is  connected.  Take  him  into  full  confidence,  show  him 
there  is  no  mystery  about  the  meter  or  his  service. 

A  most  convincing  way  is  to  have  fitted  up  in  your  office  a 
meter  with  as  much  of  the  interior  visible  as  possible,  and  so 
connected   that   any   number   of   lamps,   from   one   upward   to 
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full  load  can  be  connected  or  cut  off  at  will.  Invite  the  customer 
to  your  office  to  see  the  operation  of  the  meter  under  the  various 
loads  and  show  him  that  it  does  not  register  without  load. 

Customers  are  not  bothering,  as  a  rule,  about  one  per  cent 
or  two  per  cent;  usually  their  complaints  are  "twice  too  much," 
et  ccBtera.  Instruct  all  meter  readers,  clerks  and  employees  who 
meet  customers,  to  tell  them  all  about  the  meters,  how  to  read 
them  and  how  to  make  the  simple  test  of  noting  the  difference 
in  rate  of  speed  of  the  disc  with  one  lamp,  two  lamps,  and  up  to 
full  load.  In  the  great  majority  of  instances  the  customer  will 
learn  that  the  meter,  by  being  slow,  favors  the  customer  instead 
of  the  company.  W.  W.  Tttzell. 

Take  the  meter  down  and  show  him,  by  testing  it  in  his 
presence,  as  almost  any  person  with  common  sense  can  under- 
stand the  simpler  methods  in  use.  L.  E.  Watson. 

Set  up  in  his  place  a  duplicate  meter  and  connect  the  two 
to  register  the  consumption  separately.       A.  R.  MacKinnon. 

Tell  your  customer  what  it  should  cost  him  per  lamp-hour ; 
i.  e.,  0.25  cent,  0.5  cent  or  one  cent  per  hour  per  lamp.  Read 
meter  and  ask  him  to  keep  accurate  count  of  lamps  used  and 
number  of  hours  burned  for  a  certain  time  (one  or  two  days), 
then  read  meter,  figure  amount  due  you,  and  tell  him.  If  meter 
is  correct  you  will  have  no  trouble  in  satisfying  the  average 
customer.  Andrew  F.  Hall. 

Several  methods  can  be  employed  to  convince  the  customer 
that  his  meter  registers  correctly.  One  of  the  most  common  is 
to  have  either  the  customer  or  else  an  inspector  of  the  company 
make  a  lamp-hour  test  of  the  meter,  thus  demonstrating  that  the 
instrument  is   simply  recording  the   actual   current   consumed. 

Another  method  is  to  test  the  instrument  in  the  presence  of 
the  customer  by  the  regular  voltmeter  and  ammeter  method. 
This,  however,  should  not  be  resorted  to  unless  the  customer  has 
some  knowledge  of  or  confidence  in  what  is  being  done.  The 
third  method  is  to  test  the  meter  in  question  with  a  standard 
meter  placed  in  series  with  the  same.  The  customer's  attention 
can  then  be  brought  to  the  fact  that  the  instruments  are  running 
together  and  that  his  own  meter  is  recording  correctly.     It  is 
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sometimes  well  to  install  recording  ammeters,  as  by  so  doing 
the  customer  can  be  shown  the  approximate  number  of  lamps  in 
use,  the  number  of  hours  in  use,  and  at  what  time  during  the  day 
or  night  these  lamps  are  burned.  This  method  often  convinces 
the  customer  that  his  meter  is  simply  indicating  the  actual  use 
of  the  service.  W.  R.  B.,  N.  Y.  Ed.  Co. 

Careful  test  or  comparison  in  his  sight  with  standard  meter. 

Augusta  Ry.  and  Elec.  Co. 

Have  him  bring  his  electrician  to  your  testing-room  and 
see  it  tested  and  then  installed  on  his  premises. 

E.  A.  Bechstein. 

The  best  way  to  satisfy  a  customer  that  his  meter  registers 
correctly  is  t6  visit  his  premises  when  he  is  at  home,  explain 
to  him  carefully  the  operation  of  the  meter,  tell  him  what  it 
would  cost  to  bum  a  i6-cp  lamp  per  hour  at  the  rate  he  is 
paying  and  show  him  how  he  can  read  the  meter  and  check 
the  consumption  of  one  or  more  lamps  for  a  given  length  of 
time  against  this  reading.  A  little  time  spent  in  this  way  will 
be  very  beneficial  to  both  the  customer  and  the  company. 

F.  G.  Proutt. 

We  have  found  it  very  satisfactory  to  tell  a  customer  the 
number  of  watts  that  each  lamp  uses,  and  have  him  keep  a  record 
for  a  month  of  the  number  of  hours  that  his  lamps  are  used. 
We  then  compare  the  reading  of  our  meter  with  his  report 
and  generally  find  it  works  out  very  closely.  For  example :  We 
told  a  customer  who  had  an  electric  sign  that  the  cost  of  the 
sign  would  be  about  twenty-seven  cents  per  hour,  on  a  meter 
charge  of  ten  cents  per  kilowatt-hour.  The  customer  placed  in 
a  box  set  apart  for  the  purpose  twenty-seven  cents  for  every 
hour  he  used  the  sig^.  At  the  end  of  three  months  he  told  us 
that  he  had  five  cents  more  in  the  box  than  we  charged  him  on  the 
meter  reading.  E.  F.   McCabe. 

In  most  cases  a  customer  is  satisfied  as  to  the  accuracy  of 
his  meter  by  a  test  made  on  the  premises  in  the  presence  of 
himself  or  of  an  expert  representative.    When  the  customer  still 


U  s  U— METERS  377 

doubts  the  correctness  of  his  bills,  we  have  proved  them  con- 
clusively by  putting  an  inspector  on  his  premises  for  from  one 
to  three  days,  to  take  a  record  of  the  light  used  by  15  to  30-minute 
counts  of  the  lamps  burning.  Even  when  the  use  of  the  light 
varied  considerably  during  the  day,  the  count  would  check  within 
five  per  cent  of  the  meter  reading.  O.  J.  Bushnell. 

By  testing  the  meter  with  a  standard  integrating  wattmeter 
in  the  customer's  presence.  Explain  the  method  of  testing,  and 
if  he  then  questions  the  accuracy  of  the  test  by  doubting  the 
correctness  of  the  standard  meter  proceed  as  follows :  Direct  him 
to  turn  on  a  certain  number  of  lamps  unknown  to  you.  G>unt 
the  revolutions  of  the  disc  for  a  period  not  less  than  three  or 
four  minutes,  keeping  the  time  precisely  by  means  of  a  stop- 
watch. The  load  on  the  meter  can  then  be  easily  reckoned  in  the 
regular  way  by  multiplying  the  number  of  disc  revolutions  by 
the  meter  constant  and  dividing  the  result  by  the  time  in  seconds. 
Reduce  the  watts  recorded  to  terms  of  i6-cp  lamps.  Repeat 
this  "blind"  test  on  loads  varying  from  one  or  two  lamps  up  to 
about  the  full  capacity  of  the  installation — say  four  tests — ^and 
the  customer  will  see  that  his  meter  is  after  all  a  very  accurate 
instrument.  (  Unsigned.  ) 

Start  a  campaign  of  publicity  on  the  meter  question;  send 
out  pamphlets  giving  instructions  for  reading  meters  and  for 
making  approximate  tests  for  their  accuracy;  encourage  your 
customers  to  read  their  own  meters  and  compute  their  bills. 
Such  a  course  has  a  good  effect  in  showing  the  company's  fair- 
ness, and  "kicks"  will  decrease  as  the  meter  becomes  less  a 
mystery  to  the  customer.  S.  R.  Inch. 

V  5.  What  eifective  means,  if  any,  have  been  fonnd  to 
make  it  impossible  for  a  customer  to  beat  a  recording  wattmeter, 
or  what  special  precantions  can  be  taken  by  an  electric-light 
company  to  detect  lamet 

Have  both  leads  run  into  meter  with  shunt  connection 
under  case.    Meter  sealed  securely.  G.  Wilbur  Hubley. 

Place  a  meter  on  the  service  pole  for  a  month  or  two,  and  he 
will  soon  find  out  you  know  what  he  is  doing.  J.  F.  C. 
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The  accompanying  diagram  will  show  a  case  I  once  found 
and  its  remedy.  Customer  had  concealed  wiring  in  house  and 
only  main-line  cut-out  and  meter  loops  were  exposed.    Remedied 
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this  by  crossing  wires  in  meter  according  to  dotted  lines,  and 
sealing  meter;  consequently,  when  he  had  closed  both  concealed 
and  main-line  switch  it  would  blow  fuse.  Even  though  this  left 
a  chance  for  him  to  beat  the  meter,  yet  in  a  quiet  way  it  in- 
formed him  that  we  were  familiar  with  it. 

W.  H.  Greenslit. 


Keep  your  meters  sealed,  and  in  wiring  do  not  allow  the 
main  cut-out  and  circuit  blocks  to  be  put  too  close  together;  in 
my  system  of  wiring,  one  is  in  front,  and  the  others  behind  meter. 
A  meter  man  should  study  character;  if  things  are  suspicious 
go  at  unusual  hours  for  inspection  or  reading. 

Elbert  D.  Kelley. 
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I  think  that  there  is  no  effective  means  to  make  it  impossible 
unless  all  wires,  from  where  they  enter  the  building  to  the  load 
side  of  meter,  are  under  lock  and  key.  We  find  tiiat  by  using 
glass  cases  on  meters  this  trouble  is  eliminated  considerably. 

F.  C.  S.,  Malden  Elec.  Co. 

I  do  not  know  of  any  way  to  make  it  impossible  for  a  custo- 
mer  to  beat  meter,  but  precautions  can  be  taken  by  making 
regular  and  frequent  inspections. 

The  Colorado  Springs  Elec.  Co. 

Put  a  strongly  made  wooden  box,  with  inside  screwed  hinges, 
close  to  service  end.  Run  service  wires  directly  into  box,  or  use 
iron  pipe  if  not  possible  to  locate  box  there.  Have  the  neutral 
run  through  solid — ^without  fuse — and  locate  closely-rated 
enclosed  fuses  in  box  after  meter.  This  arrangement  will  pre- 
vent customer  from  purposely  blowing  one  service  fuse  on  the 
side  from  which  meter  takes  its  potential,  and  then  burning  half 
(or  by  bridging  over  all)  his  lights  without  any  registration. 
Box  must  be  three  inches  larger  than  meter,  to  prevent  external 
magnets  being  used  to  create  strong  stray  field.  Inside  of  box 
should  be  painted  black,  so  that  small  drill-holes  will  be  con- 
spicuous when  inspecting  meter.  Use  a  good  Yale  padlock,  and 
obliterate  the  maker's  key  code,  which  is  stamped  on  side. 
Keep  track  of  customer's  consumption  and  if  it  does  not  check 
out  examine  meter  at  night.  G.  R.  Radley. 

A  device  has  recently  been  patented  by  W.  W.  Fuller,  super- 
intendent of  the  Charleston  (S.  C.)  Light  and  Power  Company, 
which  is  intended  to  cut  off  the.  lights  in  a  building  if  the  meter 
is  tampered  with  or  if  the  shunt  circuit  is  broken.  The  device 
has  not  yet  been  put  on  the  market,  so  far  as  the  writer  knows, 
but  seems  to  have  the  elements  of  a  satisfactory  apparatus  for 
this  purpose,  and  it  is  only  a  question  as  to  whether  or  not  the 
cost  of  the  device,  if  it  should  be  made,  would  justify  any  com- 
pany in  adopting  it.  The  number  of  Mr.  Fuller's  patent  is 
782,386,  of  February  14,  1905.  R.  C.  Lanphier. 

Have  your  meter  men  and  inspectors  keep  their  eyes  open, 
especially  on  certain  questioned  premises,  or  on  certain  classes 
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of  questionable  premises.    Get  your  meter  as  near  to  the  service 
as  possible.  Douglass  Burnett. 


The  most  effective  means  to  prevent  customer  beating  meter 
are:  First,  an  all-glass  instead  of  a  metal  cover,  as  the  latter 
can  be  drilled  and  a  piece  of  wire  inserted  to  stop  the  disc; 
second,  connections  of  both  legs  of  circuit  through  meter,  so 
that  cutting  one  leg  will  prevent  the  flow  of  current;  third, 
enclose  the  meter  and  connections  in  a  locked  box,  inaccessible 
to  any  one  except  the  holder  of  the  key;  fourth,  have  inspector 
examine  carefully  and  frequently  all  connections  and  lines  from 
main  cut-out  to  prevent  bridging.  W.  W.  Titzell. 


Careful  inspection  and  systematic  testing  at  least  once  a  year 
and  checking  up  load,  will  locate  possible  sources  of  loss. 

Augusta  Ry.  and  Elec.  Co. 


We  do  not  know  of  any  eflfective  means  to  make  it  impossible 
for  a  customer  to  beat  a  recording  wattmeter.  Even  with  meters 
of  the  sealed  type  with  internal  connections  for  the  service  and 
house  leads,  an  occasional  case  may  be  found  where  there  has 
been  a  deliberate  attempt  at  theft  of  current.  The  precautions 
should  be  a  very  careful  system  of  examination  by  inspectors, 
meter  readers  and  meter  testers,  examination  of  seals  of  the 
meter,  wiring,  and  service  conditions.     A.  H.  A.,  N.  Y.  Ed.  Co. 

The  question  of  proper  protection  to  service  and  meter 
appliances  is  one  that  will  ever  be  important  to  lighting  com- 
panies. There  is  no  system  of  surveillance  that  can  be  relied 
upon  to  detect  all  cases  of  interference.  If  a  customer's  account 
decreases  suddenly  the  bookkeeper  should  advise  an  investiga- 
tion; likewise,  all  inspectors,  meter  readers,  meter  testers — in 
fact,  all  persons  connected  with  the  lighting  company  and  visiting 
customer's  premises  should  instantly  note  any  irregularity  and 
report  same  to  the  office.  The  value  of  a  good  detective  force 
will  be  appreciated  here,  for  it  should  be  their  duty  to  follow  up 
the  case,  detect,  and  if  necessary  secure  the  conviction  of  the 
guilty  parties.  E.  A.  N.,  N.  Y.  Ed.  Co. 
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When  a  customer  is  suspected  of  attempting  to  beat  his 
meter  let  him  know  indirectly  that  you  are  aware  of  it.  When 
taking  the  regular  monthly  reading  look  over  the  wiring  around 
the  meter  for  evidence  of  tampering.  Test  the  meter  a  few 
days  afterwards  on  his  premises.  Take  the  index  every  other 
day  for  a  week.  This  procedure  will  make  him  very  wary  of 
attempting  to  repeat  his  operations.  (Unsigned.) 

XT  6.  What  percentage  variation  from  no  load  to  60  per  cent 
overload  should  be  allowable  on  consumers'  meters  f 

No  percentage  of  variation  can  be  given  for  no  load.  It  is 
customary  in  good  practice  to  take  some  percentage  basis  as 
light-load  point,  at  which  the  meter  must  possess  a  certain  degree 
of  accuracy.  This  percentage  represents  a  percentage  of  the 
meter's  rated  capacity.  Ten  per  cent  load  is  being  generally 
adopted  by  the  larger  companies  as  being  the  light-load  point 
where  a  certain  degree  of  accuracy  is  necessary.  A  good  modem 
meter  should  not  show  an  error,  plus  or  minus,  exceeding  two 
per  cent  from  10  per  cent  load  to  50  per  cent  overload. 

E.  W.  GOUGH. 

Two  per  cent  on  two  per  cent  of  load  to  two  per  cent  plus 
on  full  load,  is  a  reasonable  allowance,  as  practiced  by  some  meter 
builders.  P.  H.  Hodges. 

On  commutator  meters  five  per  cent  from  no  load  to  10  per 
cent  load;  two  per  cent  from  10  per  cent  load  to  five  per  cent 
overload ;  on  induction  meters  they  should  maintain  one  per  cent 
from  no  load  to  five  per  cent  overload. 

The  Colorado  Springs  Elec.  Co. 

Two  per  cent.  Chas.  H.  Peters. 

Not  to  exceed  two  per  cent  above  or  below  accuracy. 

G.  Wilbur  Hubley. 

The  requirements  as  to  the  permissible  variation  from  no 
lojld  to  fifty  per  cent  overload  on  consumers  meters,  vary  in 
diflFerent  places,  but  as  a  general  rule  no  meters  should  be  left 
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in  service  without  recalibration  which  show  a  variation  greater 
than  plus  or  minus  three  per  cent  frcmi  a  reasonable  starting  load, 
according  to  the  size  of  the  meter,  up  to  fifty  per  cent  overload 
after  the  meter  has  been  in  service  say  three  or  four  months. 
A  reasonable  starting  load  within  which  the  meters  should  be 
held  to  this  accuracy,  is,  say,  five  per  cent  of  full  load.  Of  course 
all  meters  should  start  and  record  freely  on  less  loads  than  this, 
but  from  the  experience  of  many  stations  this  has  been  found 
to  be  a  fair  percentage  of  the  full  load  at  which  to  hold  the  meter 
within  the  three  per  cent  limit.  R.  C.  Lanphier. 

Variation  allowable  should  not  be  considered  on  less  than 
one  i6-cp-lamp  load.  Variation  three  per  cent,  plus  or  minus, 
should  not  be  exceeded  at  from  ten  per  cent  to  full  load. 

W.  W.  TiTZELL. 


The  degree  of  accuracy  of  a  meter  at  any  load  is  subject 
to  the  laws  of  the  state  or  other  recognized  authority,  as  well  as 
to  physical  conditions.  The  tendency  of  most  meters  on  a  very 
light  load,  and  on  overload,  is  to  run  slow,  especially  if  the 
meter  has  been  in  service  any  length  of  time.  It  is  generally 
conceded  that  commercial  conditions  require  the  curve  of  the 
meter  from  no  load  to  50  per  cent  overload  to  be  within  two 
per  cent  plus  and  two  per  cent  minus.     A.  H.  A.,  N.  Y.  Ed.  Co. 

Not  more  than  six  per  cent.  (Unsigned.) 

V  7.  If  a  meter  is  feund  creeping  forward,  is  it  advisable 
to  grant  the  customer  a  rebate  f 

Yes,  if  customer  is  being  seriously  overcharged  thereby,  or 
in  any  case  if  a  complaint  is  made.  The  average  customer  will 
be  favorably  impressed  by  the  company's  honesty.       W.  H.  C. 

Yes ;  it  inspires  confidence.  Fred  B.  Sharpe. 

Yes.    Change  meter,  and  altow  rebate  on  off-state  reading. 
Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 
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If  a  meter  creeps  and  probably  has  been  creeping  for  some 
time,  justice  to  the  customer  demands  some  sort  of  rebate,  but 
policy  should  determine  the  nature  of  the  rebate. 

Geo.  B.  Lauder. 

Yes,  grant  him  anything  if  he  has  seen  the  meter  creep. 
But  find  some  defect  in  the  house  wiring — 2l  ground,  or  some- 
thing— ^and  when  you  have  adjusted  the  meter  show  him  that  it 
does  not  creep ;  don't  lay  it  on  the  meter.       Elbert  D.  Kelley. 

If  a  meter  is  found  to  be  creeping  forward,  it  is  probably 
due  to  weakening  of  retarding  magnets,  which  should  be  read- 
justed. It  is  seldom  advisable  to  grant  customer  a  rebate,  as, 
if  you  do  so,  he  will  tell  others,  and  in  this  way  stir  up  a  hornet's 
nest — every  customer's  meter  will  be  running  fast. 

Chas.  H.  Peters. 

It  is  Avell  to  grant  a  rebate,  but  let  the  customer  assume  that 
it  is  on  account  of  the  meter  being  over-read,  or  a  ground  in  the 
house,  or  some  other  cause,  as  he  is  liable  to  tell  all  his  neighbors 
that  their  meters  are  creeping,  which  will  entail  a  lot  of  unneces- 
sary work  for  the  testing  department. 

The  Colorado  Springs  Elec.  Co. 

Yes,  provided  it  can  be  done  in  a  manner  not  to  arouse  his 
suspicions  about  meters.  W.  H.  Greenslit. 

Yes.  F.  C.  S.,  Malden  Elec.  Co. 

Rebate  can  be  made  on  basis  of  estimate,  and  such  defect 
should  be  corrected.  G.  Wilbur  Hubley. 

Yes,  when  the  question  is  brought  up.  This  is  likely  to  be 
much  overbalanced  by  the  tendency  of  the  meter  to  operate  at 
less  than  100  per  cent  efficiency*  Douglass  Burnett. 

It  is  not  advisable  to  tell  the  consumer  his  meter  crept;  give 
him  a  rebate,  but  on  some  other  basis.  There  is  a  popular  idea 
that  electric  and  gas  meters  work  all  the  time^  and  it  is  not  a  good 
thing  to  foster  this  idea.  A.  Peters. 
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No.  The  amount  of  overcharge  would  probably  be  very 
small ;  an  acknowledgment  that  your  meter  was  fast  would  soon 
be  a  matter  of  discussion  among  a  good  many  of  your  other 
customers.  A.  R.  MacKinnon. 


Be  honest,  and  give  the  customer  his  dues. 

L.  E.  Watson. 

Certainly,  rebate  for  forward  creeping  meter,  but  remove 
such  meter  at  once.  W.  W.  Titzell. 

Certainly.    Keep  him  satisfied  if  possible. 

Andrew  F.  Hall. 

If  the  meter  is  creeping  forward  and  the  customer  finds  it 
out,  give  him  a  rebate,  as  it  is  coming  to  him.  If  the  meter 
department  has  things  very  nearly  right,  you  will  be  bothered 

but  verv  little  on  account  of  this  fault.  H.  E.  Ryder. 

» 

No.  Any  suggestion  that  tends  to  give  the  customer  the 
faintest  idea  that  a  meter  is  not  absolutely  accurate  is  very  bad 
business  policy. 

Creeping  can  be  obviated  by  attaching  to  the  disc  of  the 
meter  a  small  slip  of  metal,  which  will  be  just  enough  to  prevent 
creeping,  yet  not  enough  to  retard  the  legitimate  movements  of 
the  meter.  The  Edison  Elec.  Ill'g  Co.  of  Brockton. 

If  a  question  has  been  raised  regarding  the  accuracy  of  a 
charge  and  a  test  shows  the  meter  to  be  creeping,  it  is  certainly 
advisable  to  make  the  proper  allowances  for  this  creeping,  should 
it  effect  the  bill  to  any  considerable  extent.  In  fact,  if  the 
creeping  is  considerable,  it  is  well  to  adjust  the  charge  by  con- 
sultation with  the  customer,  as  it  is  somewhat  diflRcult  to  arrive 
at  the  actual  amount  over-indicated  by  the  meter  in  this  manner, 
as  the  speed  of  creeping  varies  considerably  with  the  variation 
in  vibration.  W.  R.  B.,  N.  Y.  Ed.  Co. 

Yes,  becAuise  the  argument  is  entirely  in  the  consumer's 
favor.  E.  A.  Bechstein. 
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A  customer  should  be  allowed  a  rebate  for  creeping,  when- 
ever it  affects  his  bill  materially.  O.  J.  Bushnell. 

If  the  amount  is  found  to  be  appreciable  it  should  be  allowed. 

Augusta  Ry.  and  Elec.  Co. 

Where  a  meter  is  found  creeping  same  should  be  tested  for 
the  amount  of  error  and  a  rebate  granted  for  the  time  that  the 
meter  is  known  to  have  been  creeping.  C.  W.  Koiner. 

Whenever  a  meter  is  found  incorrect  and  registering  more 
than  the  customer  is  using,  whether  the  fault  be  due  to  creeping 
or  other  causes,  allowing,  of  course,  a  margin  of,  say,  two  per  cent 
either  way,  the  customer  should  be  rebated,  whether  he  knows 
the  meter  is  wrong  or  not.  F.  G.  Proutt. 

No.  Change  his  meter  for  one  that  does  not  creep.  Ex- 
plain to  him  that  the  creeping  has  been  effective  only  during  the 
hours  that  the  meter  was  idle  and  that  the  result  of  the  creeping 
during  the  month  has  an  insignificant  money  value. 

(Unsigned.) 

Yes.  •  J.  W.  CowLES. 

XT  8.  What  will  be  the  effect  on  a  16,000  alternating  meter 
to  have  16,000  alternations  or  17,600  alternations  at  the  gener- 
ator? 

The  characteristics  of  the  type  of  meter  in  question  will 
determine  its  accuracy  under  changes  of  frequency,  provided  it 
IS  an  induction  wattmeter.  Due  to  the  increased  number  of 
alternations  from  16,000  to  17,600,  the  majority  of  induction 
wattmeters  on  the  market  at  present  will  tend  to  run  a  little 
slow  on  the  higher  frequency  when  the  load  is  non-inductive; 
if  the  load  is  inductive,  however,  most  meters  have  a  tendency 
to  run  fast.  E.  W.  Gough. 

My  opinion  is  that  a  meter  calibrated  for  16,000  alternations 
would  have  a  tendency  to  run  slow  with  15,000,  and  the  reverse 
with  17,600.  P.  H.  Hodges. 

V.  2—25 
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It  will  probably  creep.  W.  H.  Greenslit. 

No  appreciable  effect;  it  depends  entirely  on  the  make  of 
meter.  F.  C.  S.,  Malden  Elec.  Co. 


Fifteen  thousand  alternations  will  make  meter  run  fast,  and 
17,600  will  make  it  run  slow. 

The  Colorado  Springs  Elec.  Co. 

Most  makes  of  meters  will  run  practically  correct  on  such 
changes  of  frequency.  The  frequency  will  be  exactly  the  same 
at  the  meter  that  it  is  at  the  generator.         David  W.  Beaman. 

Should  not  have  anv  material  effect  from  such  variation 
as  noted.  G.  Wilbur  Hubley. 

All  of  the  induction  type  alternating  meters  now  on  the  market 
are  so  constructed  that  a  difference  of  100  alternations  above  or 
below  16,000  on  a  high-frequency  meter,  should  have  very  little 
appreciable  effect  on  the  accuracy  of  the  meter.  All  of  the 
manufacturers  of  meters  of  this  type  list  them  for  a  range  of 
about  115  to  140  cycles  for  the  high  frequency. 

R.  C.  Lanphier. 

Induction  wattmeters  on  non-inductive  loads  tend  to  run 
slow  on  higher  frequencies  and  fast  on  inductive  loads. 

W.  W.  Titzell. 

Depends  largely  on  the  type  of  meter  in  use.  The  tendency 
will  be  for  induction  meters  to  run  fast  as  the  frequency  is 
lowered  and  to  run  slow  as  the  frequency  is  jaised  from  that  for 
which  the  meter  is  designed.  Good  meters,  however,  allow  con- 
siderable variation  in  frequency  without  affecting  the  accuracy. 

J.  W.  COWLES. 

IT  9.  Why  does  a  very  slight  jarring  oontinuing  about  12 
hours  out  of  the  24  cause  a  meter  to  run  gradually  slower  and 
slower,  and  how  can  it  be  remedied?  The  meter  has  to  be  re- 
placed about  once  every  ten  months. 
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The  vibration  causes  damage  to  jewel-bearing  of  meter. 
The  location  of  meter  should  be  changed  to  remedy  the  trouble. 

G.  Wilbur  Hubley. 

The  difficulty  experienced  is  probably  due  to  the  wearing 
in  the  jewel  and  pivot,  due  to  the  pounding  on  the  bearing  result- 
ing from  the  excessive  vibration.  E.  W.  Gough. 

This  is  probably  a  commutator  type  of  meter  and  jarring 
causes  the  brushes  to  spark,  which  burns  brushes  and  commutator. 
This  can  be  remedied  by  increasing  tension  of  brushes  slightly, 
which  will  cause  meter  to  run  slow  on  very  light  load.  This 
will  probably  cause  you  less  loss  than  does  your  present  condition. 

J.  F.  C 

The  vibration  increases  the  wear  on  jewels.  Insert  new 
jewels.  Fred  B.  Sharpe. 

Continued  jarring  of  a  meter  with  jeweled  bearing  causes 
the  point  to  roughen  the  jewel,  thus  causing  increased  friction. 
Sometimes  the  pivot  will  drill  a  hole  in  the  jewel,  causing  the 
meter  to  drag  badly.  The  best  remedy  is  to  place  the  meter  on 
a  solid  wall  or  partition,  so  that  it  will  not  receive  the  jarring. 

P.  H.  Hodges. 

On  a  commutator  meter  the  jarring  will  cause  friction  at 
the  brushes  and  commutator,  which  will  continually  spark,  and 
sometimes  cause  a  short-circuit  in  commutator.  If  an  induction 
meter,  the  jewel  has  probably  become  worn.  This  can  be 
remedied  by  testing  and  cleaning  meters,  renewing  pivots  and 
jewels,  instead  of  replacing  meter.  The  best  remedy  would  be 
to  change  location  of  meter. 

The  Colorado  Springs  Elec.  Co. 

The  slight  jarring  causes  excessive  wear  of  jewel  and  pivot. 
If  it  is  a  Thomson  (commutator)  type,  most  of  the  trouble  is 
due  to  poor  contact  at  brushes.  We  change  meters  subject  to 
jar  every  three  months,  and  in  some  cases  oftener. 

If  alternating  current,  an  induction  meter  would  give  better 
results.  Charleston  Consol.  Rv.,  Gas  and  Elec.  Co. 
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I  should  think  that  this  jarring  caused  the  jewel  and  pivot 
to  become  destroyed,  which  would  naturally  make  the  meter  run 
slow.  If  this  is  a  commutator-type  meter,  the  vibration,  jarring 
the  brushes,  causes  them  to  spark  and  badly  corrode  the  commu- 
tator, which  would  also  cause  it  to  run  slowly. 

F.  C.  S.,  Malden  Elec.  Co. 

If  the  meter  is  of  the  commutator  type,  the  trouble  is 
probably  due  to  the  roughening  of  the  jewel  and  the  sparking 
at  the  brushes,  increasing  the  friction,  thus  causing  the  meter  to 
run  slower.  P.  C.  Morgenthaler.  . 

It  very  likely  causes  jewel  to  wear  unnecessarily  fast. 

W.  H.  Greenslit. 

Slow  running  of  the  meter  noticed  is  probably  due  to 
deterioration  of  the  pivot  and  jewel,  caused  by  the  pounding 
action  of  the  moving  element.  The  obvious  method  to  remedy 
this  is  to  support  the  meter  in  such  a  way  that  it  is  not  subject 
to  jar.  This  effect  should  be  smaller  on  meters  that  have  light 
moving  elements.  Electrical  Testing  Laboratories. 

The  continual  jarring  undoubtedly  damages  lower  jewel- 
bearing  and  pivot,  causing  roughened  surfaces,  and  in  this  way 
meter  runs  slow.  Most  modern  meters  have  removable  pivots 
and  lower  jewel-bearings,  which  can  be  quickly  replaced  for  a 
trifle.  It  might  be  possible  to  reduce  the  trouble  by  mounting 
meter  on  rubber  cushions.  Chas.  H.  Peters. 

If  it  is  a  direct-current  meter,  the  jarring  causes  more  or  less 
sparking  at  the  brushes,  and  increases  the  wear  on  the  jewel. 

David  W.  Beaman. 

It  is  probable  that  the  very  slight  jarring  mentioned,  which 
causes  the  meter  in  this  particular  location  to  run  gradually 
slower  and  slower,  is  due  to  the  constant  hammering  of  the  pivot 
upon  the  jewel,  and  this  is  a  very  difficult  trouble  to  remedy,  the 
only  practicable  solution  being  to  use  a  diamond  jewel  instead 
of  a  sapphire  for  this  particular  meter.    Even  this  may  not  really 
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overcome  the  diflSculty,  but  if  a  meter  under  these  circumstances 
has  to  be  replaced  once  every  ten  months,  using  a  sapphire  jewel, 
it  should  last  fully  three  times  as  long  with  the  same  accuracy 
on  light  loads  when  using  a  diamond  jewel. 

R.  C.  Lanphier. 

Move  the  meter  to  some  solid  support 

Douglass  Burnett. 

The  end  of  spindle  and  jewel  become  worn  through. 

A.  Peters. 

The  jar  causes  the  jewel  and  pin  to  become  damaged,  thereby 
increasing  friction  of  the  meter.  Use  a  magnetic  flotation,  or 
place  the  meter  in  a  place  where  the  jar  is  not  noticeable. 

G.    F.   WiLLARD. 

Jarring  causes  the  disc  shaft  to  pound  and  wear  the  jewel, 
hence  increase  of  friction,  and  meter  running  gradually  slower 
and  slower.  Avoid  jarring  on  the  jewel,  whether  caused  by  the 
design  and  construction  of  the  meter  or  otherwise. 

W.  W.  TiTZELL. 

Vibration  causes  depreciation  of  accuracy  through  the  wear- 
ing of  the  jewel  and  pivot,  and  also  through  sparking  at  the 
brushes.  If  no  other  location  can  be  found  where  the  vibration 
is  at  a  minimum,  it  is  advisable  to  install  a  cupped  diamond  jewel 
and  slightly  increase  the  brush  tension. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Because  of  the  jarring  the  rotating  parts  become  worn  in 
a  short  time,  especially  the  jewel,  and  the  meter  should  be  placed 
where  it  will  not  be  jarred.  E.  A.  Bechstein. 

Wearing  of  jewel  and  brushes  may  cause  this. 

Augusta  Ry.  and  Elec.  Co. 

The  vibration  causes  roughening  of  the  jewel  and.  conse- 
quently, the  slowing  down  of  the  meter.  Meter  should  be  removed 
to  a  place  free  from  vibration  even  if  it  has  to  be  put  on  a  pole 
in  a  box.  C.  W.  Koiner. 
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It  is  probably  due  to  the  jarring  of  the  meter  shaft  on  the 
jewel  which  makes  the  jewel  and  shaft  both  rough  and  causes 
it  to  stick.  If  it  is  a  commutator  type  of  meter  the  jarring  might 
have  a  tendency  to  cause  sparking  at  the  brushes,  in  which  case 
corrosion  and  poor  contact  of  brushes  would  make  the  meter 
run  slow.  F.  W.  Bullock. 

Where  a  meter  is  subjected  to  a  continuous  jar,  it  can  be 
mounted  on  a  board  that  is  hung  by  a  coil  spring  and  kept  about 
two  inches  from  the  wall  by  large  spiral  springs  made  of  No. 
lo  and  No.  12  spring-steel  wire.  This  will  take  up  the  sharp 
vibration  and  greatly  increase  the  life  of  the  jewel  and  brushes. 

O.  J.  Bush  NELL. 

The  vibration  damages  the  jewel.  It  will  be  cheaper  in  the 
end  to  change  the  location  of  the  meter,  preferably  to  the  cellar, 
than  to  be  compelled  to  replace  the  jewel  or  substitute  a  different 
meter  so  often.  (Unsigned.) 

Probably  due  to  jewel  trouble  or  to  light  brush  tension. 
Put  in  a  cupped  diamond  and  increase  brush  tension  if  necessary. 

J.  W.  COWLES. 

TF  10.    How  often  should  oonsumen'  meters  be  tested  T 

Once  a  year  is  good  practice.  G.  Wilbur  Hubley. 

Not  less  than  once  a  year;  large  meters,  two  or  three  times 
a  year.  (Unsigned.) 

We  test  them  when  the  readings  indicate  that  they  are  not 
running  correctly.  Some  meters  will  run  several  years  without 
great  error,  while  others  need  attention  in  a  few  months. 

P.  H.  Hodges. 

This  depends  entirely  upon  the  make  of  meter,  whether  it  is 
a  commutator  type  or  induction  type.  A  commutator  type  should 
be  tested  at  least  three  times  a  year;  for  a  good  induction  type 
meter,  the  writer  thinks  once  in  two  years  is  sufficient. 

F.  C.  S..  Malden  Elec.  Co. 
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Experience  alone  can  tell  this;  occasional  and  continued 
tests  on  meters  in  various  localities  and  a  sort  of  general  knowl- 
edge of  the  way  in  which  meters  act  under  local  and  varying 
conditions  would  seem  necessary  for  determining  this  point. 
A  new  meter  would  need  retesting  after  being  out  a  few  months, 
while  if  retested  and  readjusted  it  should  run  much  longer,  as 
it  has  arrived  at  a  point  of  stability  which  it  must  always  reach 
before  being  entirely  reliable.  Geo.  B.  Lauder. 

Meters  should  be  tested  once  each  year.  In  the  spring  or 
early  summer  is  the  best  time  for  cleaning  meters. 

Elbert  D.  Kelley. 

Every  month. 

Charleston  Consol.  Ry.^  Gas  and  Elec.  Co. 

Every  six  months.  United  Elec.  Lt.  Co. 

It  depends  on  the  size  of  the  meter  and  how  much  it  is  used. 
A  direct-current  meter  should  be  tested  every  nine  to  twelve 
months,  and  twice  as  often  if  it  is  a  large  meter  and  used  very 
much.  An  induction  meter  should  be  tested  every  twelve  to 
eighteen  months.  David  W.  Beaman. 

Twice  a  year  if  commutator  type;  once  if  induction  type. 

The  Colorado  Springs  Elec.  Co. 

Meter  should  be  tested  twice  a  year,  also  be  inspected. 

Clayton   Geiger. 

Annually  for  regular  meters,  and  tri-monthly  for  meters 
of  large  customers.  Douglass  Burnett. 

Once  every  year,  unless  they  show  signs  of  trouble  before 
the   period   is   up.  A.    Peters. 

It  depends  on  the  kind  of  meter  used,  how  often  customer's 
meter  should  be  tested.  Meters  like  the  one  mentioned  in  ques- 
tion U  o  should  certainlv  be  tested  more  frequentlv  than  once 
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every  ten  months ;  meters  free  from  vibration,  wear  of  jewel,  or  of 
commutator,  in  which  friction  does  not  increase,  might  be  tested 
once  a  year  for  record  purposes.  W.  W.  Titzell. 

It  is  very  poor  practice  not  to  test  a  meter  at  least  once  a 
year  for  all  purposes,  while  meters  operating  under  some  con- 
ditions should  be  tested  at  least  every  three  months.  No  definite 
period  of  time  between  tests  can  be  given.       E.  A.  Bechstein. 

There  are  so  many  influencing  conditions  that  an  inflexible 
rule  can  not  be  set.  The  type  of  meter  has  much  to  do  with  the 
interval  between  tests;  direct-current  meters  of  the  motor  type 
will  be  found  to  need  more  frequent  tests  and  calibration  than 
alternating-current  induction  meters;  capacity,  use  as  indicated 
by  the  number  of  revolutions  of  the  motor,  vibration,  and  dirt, 
are  also  to  be  taken  into  consideration.  Larger  companies  are 
now  testing  generally  on  the  yearly  basis  with  subdivisions 
according  to  the  above,  at  intervals  of  one  month  and  upward. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Every  twelve  months.  C.  W.  Koiner, 

Six  months  to  one  year,  according  to  type  of  meter. 

Augusta  JRy.  and  Elec.  Co. 

We  have  found  it  advisable  to  test  commutator  meters  every 
three  to  twelve  months;  the  frequency  of  the  test  depending  on 
the  size  of  the  bills,  the  size  of  the  meter,  and  the  conditions  of 
running  and  installation.     Induction  meters  we  test  annually. 

O.  J.   BUSHNELL. 

The  meter  of  a  small  consumer  should  be  changed  once  in 
every  year  or  eighteen  months,  as  the  revenue  derived  from  him 
is  from  the  operation  of  his  meter  on  light  loads.  Inaccuracy 
appears  on  light  loads  before  the  meter  varies  from  its  full  or 
half  load  correctness.  It  is  advisable  to  change  the  meter 
instead  of  merely  testing  it  on  his  premises,  as  the  almost  inevita- 
ble recalibration  can  be  much  more  satisfactorily  done  in  the 
station  laboratory  or  testing-room.  (Unsigned.) 

At  least  once  a  vear.  F.  W.  Bullock. 
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As  a  general  rule,  every  one  million  revolutions. 

J.    W.    Q)WLES. 

XT  11.  What  is  the  best  method  of  caring  for  meters; 
should  they  be  carried  to  a  test-room  for  repairs  and  calibrating, 
or  shonld  they  be  calibrated  in  place  ? 

I  think  it  best  to  remove  a  meter  as  soon  as  it  shows  any 
serious  error,  and  replace  it  with  another,  then  remove  and 
calibrate  in  a  room  calculated  for  that  purpose.  As  a  rule, 
customers  are  suspicious  that  the  lighting  company  intends  to 
make  meters  run  faster  as  soon  as  the  inspector  appears  and 
begins  to  repair  or  clean  them.  The  customer  is  usually  better 
satisfied  if  told  that  his  meter  is  defective,  and  that  it  is  the 
intention  to  remove  it  and  replace  it  with  one  known  to  be  correct, 
than  if  the  inspector  proceeds  to  correct  it  on  the  premises. 

P.  H.  Hodges. 

Should  be  calibrated  in  test-room.  W.  H.  Greenslit. 

They  should  be  calibrated  in  place,  provided  there  are  no 
extensive  repairs  to  be  made  on  same. 

F.  C.  S.,  Malden  Elec.  Co. 

We  have  tried  both  methods  and  prefer  to  bring  our  meters 
into  the  testing-room.  Geo.  B.  Lauder. 

Meters  should  be  calibrated  on  consumer's  premises,  as  it 
enables  the  company  to  find  any  lights  that  are  not  on  meter 
and  discover  any  shunts  that  might  cut  out  part  of  the  load.  It 
also  allows  meter  to  be  tested  under  working  conditions,  which 
is  very  important.  The  Colorado  Springs  Elec.  Co. 

It  is  best  to  calibrate  a  meter  where  it  is  installed.  This 
eliminates  the  danger  of  changing  the  calibration  in  transporta- 
tion. David  W.  Beaman. 

If  meters  need  repairing  they  should  be  carried  to  test-room 
where  they  can  be  given  proper  attention;  if  calibration  only  is 
necessary,  it  should  be  done  on  premises. 

Clayton  Geiger. 
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In  all  cases  of  repairs  or  recalibration  meters  should  be 
brought  to  test-room  of  station.  G.  Wilbur  Hublev. 

Calibrate  in  place  whenever  possible. 

F.  Ellwood  Smith. 

Should  be  brought  in  and  repaired  and  tested,  because  it  is 
almost  impossible  to  test  and  repair  meter  with  any  degree  of 
satisfaction  on  the  consumer's  premises.  G.  F.  Willard. 

In  place.  W.  H.  C. 


The  writer  finds  that  in  most  cases  it  is  more  convenient  to 
test  meters  on  the  ground,  taking  an  mdicating  wattmeter  and  a 
small  bank  of  lamps.  R.  V.  West. 

Formerly,  it  was  the  practice  to  return  meters  to  the  labora- 
tory for  test,  replacing  same  from  the  tested  general  stock.  At  pres- 
ent the  large  companies  test  meters  in  customers*  premises,  which 
results  in  confidence  on  the  part  of  the  customer  in  his  metermg 
device.  By  testing  meters  on  customers'  premises  accidental 
local  conditions,  such  as  vibration,  condition  of  use,  et  ccetera, 
can  be  allowed  for.  The  method  is  subject  to  criticism  on  account 
of  error  in  wattage  fluctuation,  errors  of  instruments,  personal 
error  and  a  resultant  accuracy  less  adequate.  These  variations, 
however,  are  usually  within  the  limits  of  generally  accepted 
"commercial  accuracy,"  and  this  system  is,  therefore,  preferable. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

In  place,  unless  requiring  extensive  repairs. 

J.  W.  COWLES. 

A  competent  man  could  test,  adjust  and  inspect  meters 
otherwise  all  right,  far  more  quickly  and  cheaply  in  place,  though 
they  should  once  in  a  while  be  taken  out  for  thorough  over- 
hauling. Augusta  Rv.  and  Elec.  Co. 

The  better  method  of  repairing  and  calibrating  meters  is  to 
remove  them  and  take  them  into  the  meter  department. 

F.  G.  Proutt. 
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Meters  can  be  tested  or  checked  satisfactorily  on  the  con- 
sumer's premises,  but  should  the  meter  need  any  repairs  or  cali- 
bration it  should  be  taken  to  your  testing-room. 

E.  A.  Bechstein. 

Can  be  cleaned  and  calibrated  in  place  at  less  expense  than 
they  can  be  brought  into  the  store-room.  C.  W.  Koiner. 

.Meters  should  be  calibrated  in  place,  except  that  the  initial 
calibration  and  any  extensive  repairs  should  be  made  in  a  test- 
room.  O.  J.  Bush  NELL. 

The  practice  of  changing  a  meter  and  calibrating  it  at  the 
station  has  several  advantages  over  the  method  of  checking  it 
in  service.  Two  men  can  work  together  to  better  advantage — 
one  to  remove  the  old  one  and  set  the  one  that  has  been  recali- 
brated while  the  other  man  is  testing,  repairing,  and  recalibrating 
at  the  station  the  meters  that  have  been  brought  in.  The  man 
doing  the  outside  work  need  have  no  special  meter  knowledge 
beyond  the  proper  connections  and  methods  of  hanging  a  meter. 
This  allows  the  meter  expert  to  devote  his  time  where  it  is  most 
needed. 

A  meter  can  be  given  a  more  thorough  test  in  every  way  in 
the  testing-room  where  the  proper  instrimients,  lamp  banks, 
freedom  from  interruption,  all  favor  the  operator  and  he  can 
test  more  meters  in  a  given  time  than  when  obliged  to  carry  his 
instruments,  resistances,  and  other  incidentals  from  place  to  place. 

When  a  meter  is  given  a  meager  test  in  service  and  found  to 
be  inaccurate,  the  necessary  recalibration  can  be  made  even  more 
satisfactorily  than  the  test  in  the  laboratory.  It  is  much  better, 
then,  to  obviate  the  need  of  a  second  visit  to  change  the  meter, 
by  making  one  job  of  it  and  changing  it  in  the  first  place.  From 
the  customer's  point  of  view,  also,  it  is  desirable  that  the  job  be 
finished  as  soon  as  possible  and  a  meter  can  be  changed  in  much 
less  time  than  it  can  be  tested. 

Unless,  therefore,  the  customer  asks  it,  or  for  some  other 
special  reason,  the  best  method  of  caring  for  a  meter  system  is 
to  change  the  meters  and  do  the  testing  and  recalibrating  in  a 
place  prepared  for  just  such  work.  (Unsigned.) 
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In  place.  Douglass  Burnett. 

U  12.  Should  a  speoiflo  charge  be  made  for  a  meter  test 
that  customer  has  requested,  when  meter  is  found  slow? 

No;  it  should  be  a  benefit  to  the  company  when  finding  a 
meter  slow.  Clayton  Geiger. 

No.  (Unsigned.) 

No.  W.  H.  Greenslit. 

The  writer  thinks  it  is  not  good  policy  for  a  company  to 
charge  for  meter  testing,  when  a  test  is  requested  by  the  custo- 
mer, where  the  meter  is  found  to  be  slow. 

F.  C.  S.,  Malden  Elec.  Co. 

Not  unless  there  has  been  a  clear  understanding  beforehand. 
We  make  a  proposition  to  any  customer  who  doubts  the  accuracy 
of  our  meters  or  our  own  testing  to  take  meter  down  and  box 
it  in  his  presence — he  to  have  the  privilege  of  sending  it  to  any 
reputable  firm  for  calibration.  If  found  fast,  we  will  stand  all 
expenses.  If  slow,  or  correct,  the  expenses  fall  upon  him.  We 
have  not  yet  found  one  to  take  us  up.  Chas.  H.  Peters. 

.No  charge  should  be  made  for  any  kind  of  a  meter  test  when 
meters  are  owned  by  the  company. 

The  Colorado  Springs  Elec.  Co. 

Make  no  charge.  Show  customers  every  courtesy  in  prov- 
ing to  them  that  their  meters  are  registering  correctly. 

Warren  Partridge. 

Make  no  charge  for  meter  test;  make  your  charge  for  cur- 
rent not  registered. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

No;  it  is  not  advisable  in  any  case  to  charge  customers  for 
meter  testing,  this  work  being  essential  as  protection  to  supply 
company.  G.  Wilbur  Hubley. 


U  13  U— METERS  397 

No.  If  the  meter  is  found  to  be  slow  the  company  should 
be  grateful  to  the  customer  for  calling  attention  to  the  matter. 

F.  Ellwood  Smith. 

No;  thereby  retain  his  good  will.  G.  F.  Willard. 

No.  Test  the  meter  every  time  that  the  customer  wants  it 
tested,  free  of  charge.  G.  B.  Leland. 

No  charge  should  be  made.  Test  will  be  paid  for  in  increased 
revenue.  W.  H.  C. 

A  customer  should  never  be  charged  for  testing  his  meter,  nor 
for  any  other  work  done  for  him  that  will  result  in  making  him 
better  satisfied  with  the  service  rendered  by  the  company. 

F.  G.  Proutt. 

No  charge  should  be  made  for  a  meter  test  made  by  the 
company.  O.  J.  Bushnell. 

No;  as  it  makes  the  company  look  small  in  the  eyes  of  the 
customer.  C.  W.  Koiner. 

No.  Douglass  Burnett. 

We  do  not  consider  it  advisable  to  make  a  charge  for  test 
of  meters  requested  by  the  customers.    W.  R.  B.,  N.  Y.  Ed.  Co. 

It  would  be  good  policy  to  charge  customer  with  amount 
meter  was  slow.  Augusta  Ry.  and  Elec.  Co. 

Certainly  not.  It  is  the  business  of  the  company  to  keep  its 
meters  accurate,  and  to  charge  a  customer  for  its  own  negligence 
is,  to  say  the  least,  poor  policy.  (Unsigned.) 

U  13.  What  is  the  best  method  of  testing  Thomson  record- 
ing wattmeters  on  the  onstomers'  premises?  Is  there  any  con* 
venient  portable  device  that  can  be  nsed  as  a  variable  load  in 
making  snch  tests? 

Yes,  the  Sangamo  test  is  very  good.       W.  H.  Greenslit. 
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A  most  convenient  method  is  to  use  a  portable  load  box  that 
will  g^ve  different  loads  from  40  watts  to  1500,  using  a  portable 
recording  meter  with  a  dial  that  registers  revolutions,  which 
several  manufacturers  are  now  putting  on  the  market. 

F.  C.  S.,  Malden  Elec  Co. 

Use  an  indicating  wattmeter  and  stop-watch.  A  calibrated 
resistance  or  lamp  bank  may  be  used  as  a  variable  load. 

The  Colorado  Springs  Elec.  Co. 

When  testing  a  Thomson  recording  wattmeter  on  the  custo- 
mer's premises,  a  portable  millivoltmeter  and  shunt  box  is  used 
to  get  the  current  of  the  circuit,  and  a  direct-current  portable 
voltmeter  to  measure  the  voltage.  For  a  load  a  portable  lamp 
bank  can  be  used,  and  for  regulation,  a  resistance  or  rheostat 
can  be  connected  in  series  with  three  or  four  lamps.  Instead  of 
the  portable  lamp  bank  the  consumer's  light  can  be  used,  and  a 
portable  rheostat  can  be  made  up  with  two  So-cp  incandescent 
lamps  to  connect  across  the  line  for  regulation.       J.  B.  Mills. 

The  best  method  of  testing  meters  is  with  an  ammeter  and 
voltitieter,  using  the  customer's  lamps  for  a  load,  as  then  the 
test  is  made  under  the  actual  working  conditions  of  the  meter. 

A  convenient  portable  device  for  a  variable  load  is  made  of 
a  bank  of  lamps  enclosed  by  a  light  wood  framework  and  pro- 
vided with  handles  for  carrying.  Louis  I.  Porter. 

A  satisfactory  method,  which  I  have  been  using,  is  a  porta- 
ble lamp  bank  of  six  loo-cp  lamps,  arranged  to  burn  in  series  on 
220  volts  or  in  multiple  on  no.  Clayton  Geiger. 

Use  a  registering  standard  wattmeter  of  known  degree  of 
accuracy  in  series  with  the  customer's  meter.  Every  station 
should  have  at  least  three  such  standards,  of  some  known  degree 
of  accuracy,  kept  in  accord  by  daily  check.  Any  one  of  the  three 
can  be  used  on  customer's  premises  to  determine  the  conditions 
of  customer's  meter ;  both  operating  under  same  load  conditions, 
and  degree  of  accuracy  of  the  testing  meter  being  known  by 
daily  check  with  the  other  two  standards,  accurate  results  can 
be  obtained  easily  and  quickly.  W.  W.  Titzell. 
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Turning  on  a  few  lamps  on  the  customer's  premises  and 
observing  the  reading  of  the  wattmeter  with  a  stop-watch,  and 
also  noting  the  voltage  makes  a  fairly  reliable  test. 

The  Edison  Elf.c.  Ill^g  Co.  of  Brockton. 

We  consider  the  best  method  to  use  a  standard  rotating 
Thomson  recording  wattmeter  of  multiple-field  type.  This  has 
been  described  at  length  in  the  technical  press  of  the  country. 
Several  convenient  portable  devices  for  load  are  in  use  among 
the  larger  central  stations,  but  these  are  not  on  the  market. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Referring  to  the  second  question  under  this  heading,  would 
say  there  is  a  convenient  and  probable  device  now  on  the  market 
that  can  be  used  as  a  variable  load  in  making  tests  of  alternating- 
c'orrent  meters,  either  on  the  extreme  premises  or  in  the  station. 
This  device  is  called  "The  Sangamo  Testing  Set,"  being  put  up 
by  the  manufacturers  in  the  form  of  a  hardwood  box,  containing 
the  various  switching  arrangements,  rheostat,  and  transformer 
necessary  for  the  operation  of  the  set.  The  connections  of  the 
various  parts  are  also  shown  on  the  diagram  herewith.     It  is 
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evident  that  the  principle  of  operation  of  this  testing  arrange- 
ment, as  described  hereafter,  can  be  used  equally  well  for  a  regu- 
lar testing  rack  in  the  station,  in  ^vhich  case  it  is  not  necessary 
to  have  the  parts  so  compactly  put  together,  and  various  other 
controlling   devices  and   attachments   can  be  added   if  desired. 
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The  testing  set  as  made  is  designed  for  use  with  a  standard 
indicating  or  integrating  wattmeter  and  its  purpose  is  to  give  a 
wide  range  of  artificial  loads  under  absolute  control  and  with  a 
verj'  small  expenditure  of  energy  for  the  apparent  heavy  loads, 
these  being  obtained  by  means  of  a  small  special  transformer. 

For  light  loads,  up  to  about  150  watts,  a  set  of  non-inductive 
resistances  and  a  small  water  rheostat  are  provided,  each  resist- 
ance set  being  standardized  for  a  certain  wattage  at  any  desired 
voltage.  Thus,  in  the  standard  set  there  are  two  sets  of  resist- 
ances, one  giving  100  watts  and  the  other  either  30  or  50  watts 
at  rated  voltage.  The  water  rheostat  is  operated  by  means  of  a 
fibre  knob  passing  through  a  water-tight  gasket,  and  th^  rheostat 
has  a  range  under  control  from  about  five  to  thirty  watts,  actual 
load. 

On  the  switch-plate  of  the  set  are  the  three  necessary  snap 
switches,  binding-posts,  and  a  double-pole,  double-throw  switch, 
as  indicated.  For  light  loads,  this  switch  is  set  in  position  marked 
**Light,"  all  connections  being  then  so  that  the  resistances  and 
rheostat  give  actual  non-inductive  load  on  the  meter  tested,  the 
special  transformer  not  being  in  circuit. 

For  large  loads — above  200  watts — the  switch  is  thrown  over 
to  position  heavy,  changing  connections  to  the  various  parts  of 
the  apparatus.  The  primary  of  the  small  transformer  is  now  in 
series  with  the  resistances  and  rheostat,  which  thus  become 
simply  controllers  for  varying  the  pressure  on  the  primary,  giv- 
ing a  range  of  impressed  e.m.f.  from  a  few  volts  to  the  full  line 
pressure.  The  secondary  of  the  transformer,  wound  two  or  three 
volts  maximum,  and  of  large  capacity,  is  at  the  same  time  con- 
nected directly  to  the  series  coils  of  the  meter  and  standard  watt- 
meter. These  being  of  very  low  resistance,  the  full-load 
current  will  flow  at  from  one-half  volt  to  one  volt  pressure, 
according  to  the  type  of  meter  under  test.  Therefore,  by  varying 
the  primary  voltage  on  the  transformer,  thd  secondary  voltage 
and  current  mav  be  varied  as  desired. 

The  full  line  e.m.f.  is  kept  on  the  shunt  coils  of  the  meter 
under  test  and  the  standard  in  both  positions  of  the  switch,  how- 
ever, and  as  phase  relations  are  maintained  correct,  one  obtains 
apparently  large  loads  with  the  switch  in  heavy  position  with 
actually  less  power  than  is  used  for  the  resistances  on  light  loads. 
For  example,  with  any  s-ampere  meter,  500  watts  (full  load) 
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can  be  obtained  by  using  the  water  rheostat  alone,  taking  actually 
less  than  20  watts  from  the  line. 

For  inductive  load,  binding-posts  are  provided  for  connect- 
ing an  arc  lamp,  motor  or  reactance  coil,  the  main  switch  being 
set  in  "Light"  position,  as  actual  load  must  be  used  for  this  pur- 
pose. R.  C.  Lanphier. 

By  using  a  standard  portable  integrating  wattmeter,  such  as 
several  of  the  companies  are  making.  A  convenient  form  of 
portable  resistance  for  making  such  a  test  is  a  resistance  coil 
wound  in  a  tube.  Each  tube  consumes  100  watts  and  they  can 
be  compactly  mounted  in  a  rack  and  connected  so  as  to  be  readily 
cut  in  or  out  of  the  circuit  when  the  load  is  to  be  varied.  These 
tubes  can  be  purchased.  (Unsigned.) 

A  very  convenient  method  for  alternating-current  plants  is 
to  use  a  Sangamo  testing  set;  this  apparatus  consists  of  a  number 
of  non-inductive  resistances  by  which  the  load  can  be  directly 
varied  from  about  10  watts  to  200  or  so,  and  by  means  of  a  small 
current  transformer,  higher  apparent  loads  up  to  3000  watts  can 
be  obtained.  The  instrument  introduces  no  inductive  errors 
and  weighs  about  fifteen  pounds.  S.  R.  Inch. 

(a)  It  depends  on  size  and  kind  of  meter. 

(b)  Yes.  J.  W.  CowLES. 

U  14.  What  is  fhe  best  way  of  keeping  a  meter  record? 
This  applies  to  the  consumer's  end  of  the  service. 

Use  a  card  system  giving  name,  address,  number  of  meter, 
size,  make,  constant,  date  when  installed  and  returned.  Behind 
this,  in  same  file,  use  a  test  card  showing  date  and  kind  of  test, 
whether  it  be  a  complaint,  special,  periodic,  et  ccBtera. 

The  Colorado  Springs  Elec.  Co. 

Have  meter  slips  with  dial  faces  on  them.  When  meterman 
reads  meter,  let  him  mark  on  dial  face  of  slip  exactly  how  the 
hand  stands  on  meter  dial.  Have  a  record  book  in  which  to  paste 
each  month's  reading.  Clayton  Geiger. 

V.  2—26 


402 


U— METERS 


U  14 


The  company's  books  keep  a  record  of  consumption  and  a 
card  for  each  meter  should  be  arranged  to  keep  a  record  of  the 
meter  with  the  number  of  revolutions  it  makes. 

AuGQSTA  Ry.  and  Elec.  Gd. 

We  have  found  the  best  meter  record  to  be  an  arrangement 
of  the  customer's  reading  cards  according  to  street  and  nimiber 
in  loose-leaf  binders,  with  a  card  index.        O.  J.  Bushnell. 

See  meter-reading  card  enclosed.        Douglass  Burnett. 
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U  15.  Are  oommntator-type  recording  wattmeters  correct 
for  inductive  loads  t 

Yes.  G.  Wilbur  Hubley. 

No.  W.  H.  Greenslit. 

If  calibrated  on  an  inductive  load  they  are  correct,  otherwise 
they  are  liable  to  be  off  from  five  to  10  per  cent. 

The  Colorado  Springs  Elec  Co. 

Commutator-type  meters  are  generally  accurate  on  inductive 
loads.  P.  C.  Morgenthaler. 

Yes.  Clayton  Geiger. 

Commutator-type  wattmeters  are  not  correct  for  inductive 
loads,  as  they  will  invariably  have  a  tendency  to  run  fast  on 
inductive  load,  due  to  a  secondary  torque  that  is  developed  when 
there  is  a  difference  in  phase  between  the  current  in  the  series 
coils  and  the  pressure  current  in  the  armature.  There  is  no 
such  condition  existing  in  the  properly  constructed  induction 
wattmeter,  which  is  usually  made  so  as  to  have  a  compensating 
arrangement  that  renders  the  meter  correct  on  inductive  loads  of 
very  low  power  factor.  R.  C.  Lanphier. 

Yes ;  provided  power  factor  is  not  lower  than  0.75.  If  lower 
than  this,  a  non-inductive  resistance  is  usually  placed  in  multiple 
with  field  coils.  This  brings  current  to  phase  with  armature 
current.  A.  Peters. 

Sometimes.  All  can  be  made  so  by  properly  lagging  the 
nieten  We  find  it  preferable,  however,  to  use  induction  meters, 
giving  a  higher  degree  of  accuracy  after  use  for  one  year. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Commutator-type  recording  wattmeters  have  a  slight  error 
on  inductive  loads,  unless  ordered  with  a  special  correcting  shunt. 

O.  J.  Bush  NELL. 
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Yes. 


U  15 

(Unsigned.) 


Not  unless  lagged  for  inductive  load.        J.  W.  Cowles. 


Not  unless  specially  lagged  for  inductive  loads.  It  is  proba- 
ble that  most  alternating-current  plants  now  order  induction 
meters  so  that  what  commutator  meters  they  have  are  of  the 
untagged  type.  Such  meters  will  run  fast  on  inductive  or  lagging 
power  factors  and  slow  on  leading  or  capacity  loads,  an  error  of 
five  per  cent  to  eight  per  cent  being  common  when  such  meters 
are  used  on  alternating-current  arc  lighting  and  similar  loads. 
The  error  is  due  to  the  fact  that  the  potential  circuit  of  such 
meters  possesses  considerable  inductance  and  the  accompanying 
vector  diagram  shows  why  the  error  increases  as  the  power 
factor  gets  lower. 


Let  01  represent  the  current  in  the  series  coils  of  the  meter 
and  OY  and  OW  represent  the  voltage  of  the  circuit  for  a  high 
and  a  low  factor,  respectively.  Let  OZ  and  OX  be  the  current  in 
the  shunt  coil  of  the  meter  lagging  behind  the  voltage  by  the 
same  angle  *  by  reason  of  its  inductance.  By  projecting  these 
values  on  01  it  is  evident  that  the  lag  of  the  shunt  current 
(angle  4>)  has  a  greater  effect  on  low  power  factor  than  on  high 
power  factor  and  that  in  the  case  of  lagging  current,  the  meter 
will  accord  more  than  the  actual  load ;  a  consideration  of  the  left- 
hand  part  of  the  diagram  will  show  that  with  a  leading  current 
the  recorded  power  will  be  less  than  the  actual  power. 

S.  R.  Inch. 
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U  16.  What  are  the  points  to  be  considered  in  deciding 
what  make  of  meter  to  use  in  order  to  get  the  best  results? 

The  least  complicated,  and  the  one  that  takes  up  the  least 
wall  space,  is  easiest  to  calibre  on  various  loads,  with  low  shunt 
iosses,  large  dials,  least  amount  of  friction,  moisture,  dust  and 
bug  proof.  The  Colorado  Springs  Elec.  Co. 

Some  of  the  points  to  be  considered  in  determining  the  best 
all-around  meter  for  commercial  work  are — ^high  ratio  of  the 
torque  to  weight;  the  design  and  finish  of  the  bearing,  if  any; 
size  of  meter;  weight  of  meter;  ease  of  calibration  and  adjust- 
ment; ease  in  connecting  in  circuit;  ruggedness — ^that  is,  the 
amount  of  knocking  around  it  will  stand;  the  amount  of  short- 
circuiting  it  will  withstand  without  affecting  its  accuracy;  per- 
manency of  permanent  magnets;  appearance. 

E.   W.    GOUGH. 

One  that  will  run  on  light  loads. 

One  that  is  easily  adjusted. 

One  that  is  dustproof.  Fred  B.  Sharpe. 

A  meter  that  will  maintain  its  initial  accuracy  longest  at  the 
least  expense;  also  meter  that  is  simple  in  its  construction  and 
can  be  easily  taken  apart  and  reassembled  without  destroying 
its  initial  calibration.  The  first,  of  course,  can  only  be  obtained 
with  any  degree  of  accuracy  by  a  two  or  three  years'  commercial 
test.  F.  C.  S.,  Malden  Elec.  Co. 

Mechanical  construction,  /.  e.,  accessibility  to  parts;  con- 
struction of  rotating  element;  direction  of  vibration  on  disc  or 
cup;  substantiality  of  damping  magnets  and  torque  per  unit  of 
weight  of  rotating  element.  W.  H.  Greenslit. 

Accuracy,  reliability  and  durability.     G.  Wilbur  Hubley. 

(i)  Minimum  friction;  least  possible  contact  of  moving 
surfaces. 

(2)   Minimum  increase  of  friction. 
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(3)  Sufficient  torque  to  overcome  maximum  increase  of 
friction  without  being  originally  inaccurate  at  the  lightest  as 
well  as  full  load. 

(4)  Simplicity  of  construction;  fewest  parts. 

(5)  Ease  of  connection  to  circuit. 

(6)  Readiness  for  calibration  and  adjustment  when 
required. 

(7)  Security  against  theft  of  current. 

(8)  Sturdiness,  for  transportation  or  handling. 

(9)  Protection  against  short-circuits. 

(10)  Appearance,  style,  finish.  W.  W.  Titzell. 

For  direct-current  and  alternating-current  meters:  Sim- 
plicity in  design ;  compactness ;  low  weight ;  accessibility  to  com- 
ponent parts  for  repairs ;  cost ;  "thief  proof  ;*'  watts  lost  in  poten- 
tial circuit,  and  in  series  coil  at  higher  loads;  range;  accuracy 
on  fluctuation  of  load  and  voltage;  maintained  accuracy  after 
short-circuits  on  load  side  of  meter;  torque;  weight  of  moving 
element,  and  starting  current. 

For  alternating-current  meters:  The  above,  and,  addition- 
ally, accuracy  on  fluctuations  of  power  factor;  frequency,  and 
change  of  wave  form ;  simplicity  of  change  to  other  frequencies. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Examination  of  construction  with  a  view  of  determining  its 
ability  to  withstand  rough  usage  and  its  electrical  construction 
with  a  view  of  determining  whether  or  not  magnets  are  permanent, 
adjustments  readily  made  and  resistances,  et  ccBtera,  easily  open- 
circuited.  Augusta  Ry.  and  Elec,  Co. 

( 1 )  Accuracy  on  light  loads  for  a  long  period  of  time. 

(2)  Ease  of  readjustment  for  recalibration. 

(3)  Simplicity  of  connections  and  permanence  of  sealing 
device. 

(4)  Freedom  from  liability  to  damage  from  lightning  and 
short-circuits.  (  Unsigned.  ) 

(i)  The  initial  accuracy  of  the  meter  under  all  conditions 
of  load. 
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(2)  The  permanence  of  calibration  as  affected  by  the  torque 
and  weight  of  the  moving  element,  bearings,  magnets,  et  ccBtera, 

(3)  The  mechanical  construction  and  general  design  as 
regards  tampering,  exclusion  of  dust,  and  repairs. 

O.   J.    BUSHNELL. 

One  without  commutator  and  brushes  and  that  will  operate 
on  exceedingly  light  load,  such  as  a  hylo  lamp.  One  that  is  easily 
gotten  at  for  inspection  and  recalibration  and  is  accurate  on  both 
inductive  and  non-inductive  loads.  C.  W.  Koiner. 

(i)  High  torque  combined  with  reasonably  light  moving 
element. 

(2)  Accuracy  on  light  load. 

(3)  Independence  of  variation  (within  commercial  limits) 
of  voltage,  frequency,  wave  form  and  power  factor. 

(4)  Permanency  of  braking  magnets. 

(5)  Compensation  for  increase  of  friction. 

(6)  Ease  of  adjustment  and  repair. 

(7)  Maintenance  of  initial  accuracy. 

(8)  Low  meter  losses;  particularly  shunt  losses. 

(9)  Qosed  magnetic  circuits  to  obviate  possibility  of  inter- 
ference by  external  fields. 

(10)  Large  dials  and  no  dial  constants.  S.  R.  Inch. 

U  17.  What  has  been  station  experience  for  past  few  years 
with  four  types  of  bearings  for  integfrating  meters^  as  follows: 
(a)  regular  steel-ball  pivot  on  round  cup  sapphire;  (b)  regular 
steel-ball  pivot  on  flat  diamond;  (c)  magnetic-flotation  bearings; 
(d)  ball  and  two-cup  sapphires  (present  Westinghouse  bearing). 

Ball  and  two-cup  sapphires.  Fred  B.  Sharpe. 

We  find  that  style  (a)  gives  very  good  satisfaction,  but  on 
our  switchboard  meters  where  there  is  some  vibration  we  find 
that  style  (b)  gives  better  results.  The  style  (c)  has  given  us 
the  greatest  trouble,  as  it  takes  more  time  and  trouble  to  cali- 
brate the  meter  when  once  out  of  adjustment.  We  have  not 
used  style  (d).  The  Colorado  Springs  Elec.  Co. 
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Magnetic  flotation  has  proved  satisfactory  and  entails  least 
cost  for  maintenance.  G.  Wilbur  Hubley. 

U  18.  What  is  the  prevailing  opinion  among  direct-current 
plants  as  to  use  of  integrating  watt-hour  meters  as  against  in- 
tegrating ampere-hour  meters,  or  equivalents  of  the  latter? 

Integrating  wattmeters  are  conceded  to  be  superior  to  all 
others.  P.  C.  Morgenthaler. 

The  integrating  watt-hour  meter  has  been  considered  prefer- 
able in  direct-current  distribution. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

For  general  use,  the  wattmeter  has  the  preference. 

O.  J.  Bush  NELL. 

Ampere-hour  meters  are  entirely  out  of  date  and  not  to  be 
considered.  J.  W.  Cowles. 

U  19.  For  alternating-current  work,  as  a  general  proposi- 
tion, have  meters  of  the  Thomson  (commutator)  type  proved 
nearly  equal  to  the  better  class  of  induction  meters,  taking  all 
points  into  consideration? 

No;  the  large  weight  of  moving  element  resting  upon  a 
stationary  jewel  bearing  is  apt  to  greatly  decrease  the  life  of  a 
jewel,  due  to  the  hammering  effect  upon  the  jewel  surface,  re- 
sulting from  the  alternating  current.  This  is  only  one  of  the 
serious  drawbacks,  which  are  largely  overcome  in  the  modern 
small  induction  wattmeter.  E.  W.  Gough. 

For  purely  alternating-current  work  the  better  class  of  induc- 
tion meters  are  preferable.  P.  C.  Morgenthaler. 

Yes,  nearly  equal. 

Charleston  Consol.  Ry.^  Gas  and  Elec.  Co. 

I  am  inclined  to  believe  that  they  have. 

Geo.  B.  Lauder. 
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Xo!  ^  W.  H.  Greenslit. 

Yes.  Clayton  Geiger. 

Induction  meters  have  proven  more  satisfactory  for  alter- 
nating service.  G.  Wilbur  Hubley. 

No.  Their  accuracy  can  not  be  reHed  on  for  as  long  a 
time  and  their  shunt  losses  are  considerably  larger. 

G.  F.  Willard. 

Our  experience  shows  that,  all  points  considered — creeping, 
maintaining  their  calibration,  et  ccBtera — the  Thomson  commutator 
meters  are  better  and  more  reliable  than  induction  meters  of  the 
best  type.  We  may  have  been  unfortunate,  but  this  is  undoubt- 
edly our  opinion.  W.  H.  Thompson,  Jr. 

No.  Commutator  meters  are  much  more  expensive  in  main- 
tenance; are  more  liable  to  error;  need  recalibrating  at  least 
three  times  as  frequently,  and  are,  unless  specially  lagged,  incor- 
rect on  inductive  loads.    See  reply  to  question  U  15. 

S.  R.  Inch. 

No.  A.  H.  A.,  N.  Y.  Ed.  Co. 

Xo ;  far  from  it.  Augusta  Ry.  and  Elec.  Co. 

Induction  meters  have  proved  much  superior  for  alternating- 
current  work.  O.  J.  Bush  NELL. 

The  Thomson  recording  wattmeter  has  been  and  still  is  a 
good  meter  and  compares  favorably  with  any  meter  on  the 
market,  provided  it  is  given  the  same  amount  of  care  in  the  way 
of  periodic  inspection. 

Meter  design  has  improved,  of  course,  and  for  new  installa- 
tions it  is  preferable  to  purchase  a  meter  of  later  model.  For 
a  company  with  a  large  number  of  Thomson  recording  watt- 
meters in  service  to  replace  them  with  new  meters  would  be 
questionable  policy  as  the  old  ones  will  give  years  of  service  yet,  if 
inspected  and  tested  at  least  once  a  year.  (Unsigned.) 
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No.  R.  V.  West. 

No;  induction  meters  are  far  more  satisfactory,  both  in 
accuracy  and  in  cost  of  maintenance,  than  commutator  meters 
and  should  be  used  exclusively  in  alternating-current  work. 

J.  W.  COWLES. 

No.  The  losses  are  greater  in  the  commutator  type  meter 
and  they  do  not  register  as  correctly  on  all  loads  as  do  the  better 
class  of  induction  meters.  Thomas  S.  Richardson. 


V  20.  What  is  the  cause  of  and  practical  remedy  for  the  re- 
versal of  error  range  in  a  Thomson  polyphase  meter  connected  np 
for  testing,  both  sides  in  series  or  connected  on  three-phase  cir- 
cuits; that  is,  why  does  the  meter  run  fast  on  low  loads  and  slow 
on  heavy  loads? 

The  error  can  be  regulated  with  the  light-load  adjustment 
and  the  brake  magnets.  (Unsigned.) 

Mutual  reaction  of  eddy  currents  in  disc  and  series  field. 

J.  W.  G>WLES. 

U  21.  What  is  a  cheap  and  accurate  way  of  determining 
the  flux  density  of  permanent  magnets  used  for  recording  watt- 
meters ? 

If  the  absolute  strengths  are  wanted,  that  is  one  thing;  if  it 
is  the  relative  strengths  between  one  magnet  and  another,  that 
may  be  determined  as  follows : 

Have  a  given  load  on  the  meter,  which  load  may  be  kept 
constant.  Put  in  a  magnet  and  note  the  number  of  revolutions 
made  in  a  certain  given  time  by  the  meter  disc.  The  exact 
position,  as  near  as  may  be,  of  the  magnet  should  be  noted,  and 
the  magnet  removed  and  another  one  put  in  in  the  same  position ; 
by  again  noting  the  number  of  revolutions  of  the  disc  during  an 
equal  time  interval,  the  relative  strength  may  be  determined. 

Geo.  B.  Lauder. 
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A  very  cheap  and  reasonably  accurate  way  to  determine  the 
flux  density  of  permanent  magnets  in  terms  of  a  deflection, 
although  not  quantitively  in  number  of  lines  of  force,  is  to  use  a 
copper  or  aluminum  disc  mounted  on  an  ordinary  spindle  like 
the  disc  of  an  induction  meter,  and  having  fixed  on  the  shaft  one 
or  more  spiral  springs  of  proper  strength.  At  some  point  near 
the  edge  of  the  disc,  and  supported  from  the  same  frame  that 
holds  the  bearings  of  the  disc  shaft,  there  is  mounted  a  support, 
upon  which  a  permanent  magnet  to  be  tested  can  be  set  so  as  to 
come  against  stops  that  will  hold  every  magnet  at  the  same 
place  with  respect  to  the  disc.  By  turning  the  disc  around  by 
hand,  one  complete  revolution,  the  spring  is  put  under  tension, 
and  if  the  disc  is  released  quickly  it  will  swing  around  through 
the  gap  of  the  permanent  magnet,  and  having  the  edge  of  the 
disc  calibrated  in  degrees,  it  can  be  observed  at  what  point  the 
disc  stops  in  its  first  swing  with  respect  to  a  pointer  fastened  near 


the  edge  of  it.  The  greater  the  swing  the  weaker  the  magnet, 
and  in  this  way  an  empirical  scale  for  the  strength  of  the  magnets 
to  be  tested,  can  easily  be  made.  The  device  as  described  is 
shown  in  the  accompanying  diagram.  R.  C.  Lanphier. 

The  flux  density  of  permanent  magnets  may  be  determined 
by  inserting  between  the  poles  a  little  coil  of  copper  wire  con- 
nected with  a  ballistic  instrument.  This  coil  is  suddenly  removed 
and  the  throw  of  the  ballistic  instrument  noted.    For  comparative 
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purposes  it  is  not  necessary  to  standardize  this  apparatus.  If, 
however,  the  absolute  values  are  required,  it  would  be  necessary 
to  standardize  the  apparatus  by  the  use  of  a  ballistic  galvanom- 
eter of  known  constant.  For  practical  use  it  would  probably 
be  sufficient  to  use  a  direct-reading  voltmeter  or  milHvoltmeter 
as  the  ballistic  instrument.  Another  quick  way  of  measuring  flux 
density  is  by  determining  the  change  in  resistance  of  a  flat  spiral 
of  bismuth  placed  in  the  magnetic  field.  By  arranging  a  suitable 
apparatus  for  measuring  this  resistance  change,  such  measure- 
ments can  be  made  with  good  rapidity. 

Elecfrical  Testing  L.\boratories. 


There  is  no  particular  object  to  be  gained  by  determination 
of  the  absolute  units  of  flux  density  of  permanent  magnets. 
Almost  all  of  the  manufacturing  companies  have  established  units 
of  their  own  and  the  cheapest  and  best  way  in  the  end  is  to  secure 
from  them  a  machine  that  will  do  this  work  expeditiously  and 
accurately.  A.  H.  A.,  N.  Y.  Ed.  Co. 


Magnets  can  be  tested  by  substituting  different  ones  on 
certain  discs  in  meters  operating  under  a  given  load. 

Augusta  Ry.  and  Elec.  Co. 


There  is  no  cheap  way  of  determining  flux  density  of  per- 
manent magnets.  The  effective  strength  of  magnets  can  be 
readily  determined  by  using  a  regular  Thomson  recording  watt- 
meter and  comparing  the  magnets  with  one  of  known  strength. 

J.  W.  COWLES. 

IT  22.  What  damage  does  a  meter  sustain  by  being  exposed 
to  changes  in  weather,  etc.,  attached  to  outside  of  residences  in 
semi-protected  places,  such  as  porches,  etc.,  with  overhead  protec- 
tion? 

Extreme  changes  of  temperature  and  exposure  to  the 
elements  will  rapidly  damage  meter  and  cause  it  to  become  unre- 
liable. G.   Wilbur  Hubley. 
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If  the  meter  be  sealed  up  tight  and  is  practically  waterproof 
it  will  sustain  very  little  damage,  provided  the  parts  are  so 
designed  and  finished  that  they  will  not  corrode. 

E.    W.    Grt)UGH. 

Meters  will  collect  dust  and  cause  commutator  and  brushes 
to  spark,  clog  up  magnets ;  pivot  will  rust  and  wear  jewels,  which 
will  cause  meter  to  run  slow. 

The  Colorado  Springs  Elec.  Co. 

None;  sometimes  a  little  rust  will  be  found  on  iron  or  steel 
parts.  Charleston  Consol.  Ry.^  Gas  and  Elec.  Co. 

Our  experience  has  been  that  meters  exposed  to  the  weather, 
no  matter  how  well  protected,  are  soon  injured,  the  injury  being 
caused  by  sweating  due  to  excessive  temperature  changes.  All 
steel  parts  quickly  become  rusted,  for  which  reason  we  never 
allow  meters  to  be  put  outside  of  buildings. 

Chas.  H.  Peters. 

The  heating  and  cooling  of  the  coils,  due  to  variation  of 
temperature,  also  dampness,  have  a  tendency  to  break  down  the 
insulation  and  also  to  open  the  potential  path.  The  mechanism 
and  sliding  contact,  if  any,  corrode  more  easily. 

Clayton  Geiger. 

A  meter  that  is  dustproof  and  waterproof,  with  enclosing 
case  and  cover  of  non-corrosive  material,  is  practically  free  from 
damage  with  some  overhead  protection.  W.  W.  Titzell. 

If  meter  is  not  air-tight  some  metal  parts  will  rust,  due  to 
condensation  of  moisture  therein.  In  any  case,  such  a  location 
is  undesirable.  W.  H.  C. 

A  properly  constructed  sealed  type  meter  should  sustain 
practically  no  damage  due  to  changes  in  weather,  et  ccetera,  from 
being  used  outside  of  residences,  if  there  is  some  little  protection 
from  the  direct  sweep  of  the  wind  and  rain,  as  suggested.  The 
writer  knows  of  many  instances  where  induction  meters  have 
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been  used  in  this  way  during  the  past  four  years  and  they  are 
all  running  satisfactorily  and  give  no  more  trouble  than  any 
other  meters  installed  inside  of  houses  in  the  usual  way. 

R.  C.  Lanphier. 


The  Stanley  meter  suffers  more  irom  such  exposure  than 
do  other  makes.  The  piano  wire  that  holds  the  disc  in  place 
tends  to  corrode,  and  this  is  apt  to  cause  the  meter  to  lag  on  small 
loads.  (Unsigned.) 


Parts  may  collect  moisture,  may  corrode,  or  may  be  affected 
by  contraction  and  expansion. 

Augusta  Ry.  and  Elec.  Co. 


The  damage  done  under  these  conditions  depends  upon  the 
type  of  meter  used.  If  the  meter  has  an  air-tight  case,  the  work- 
ing parts  will  not  be  affected  much ;  but  if  the  case  is  not  so  tight, 
moisture  may  rust  some  of  the  parts. 

Thomas  S.  Richardson. 


Very  poor  practice,  unless  in  a  reasonably  uniform  climate. 

J.  W.   COWLES. 

IT  23.  In  metering  a  S-phase  oirouit  having  a  power  factor 
less  than  unity  by  means  of  two  single-phase  meters,  one  meter 
runs  slow;  what  determines  which  meter  will  be  the  slow  one? 

The  slow  meter  will  be  the  one  with  the  lightest  load  on. 
which  can  be  determined  by  connecting  an  indicating  wattmeter 
in  series  with  each  meter  and  taking  potential  from  the  third  wire. 

The  Colorado  Springs  Elec.  Co. 


The  meter  connected  in  the  lagging  phase  runs  slow.  Before 
the  meters  are  connected  take  voltmeter  readings  of  the  phases. 
The  phase  of  low  voltage  will  be  the  lagging  phase,  hence  the 
meter  on  that  phase  will  be  the  slow  one.  (Unsigned.) 
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Assuming  that  the  load  is  approximately  balanced,  the  meter 
whose  current  coils  are  in  the  wire  next  after,  in  phase  rotation, 
the  wire  to  which  is  connected  the  common  potential  tap  will 
be  the  slow  one. 


For  assuming  a  delta-connected  load  (see  diagram)  with 
the  meter  current  coils  in  the  wires  X  and  Y,  and  the  correspond- 
ing shunt  coils  across  ZX  and  YZ,  then  calling  the  potentials 
ah,  be,  ca  and  the  corresponding  currents  A,  B,  C. 

Total  watts  =  ca  X  +  dc  V 
■=  ca  (C—A)  +  be  (B—A). 

A  vector  diagram  will  best  show  the  reason  for  one  meter 
running  slow : 

Let  oa,  ob,  and  oc  represent  the  voltages,  and  OA,  OB  and 
OC  the  corresponding  currents  lagging  behind  e.m.f's  and  120 
degrees  apart.  Since  in  our  example  the  potential  coils  of  the 
meters  are  across  oc  and  ob,  find  the  corresponding  resultant 
currents  in  the  line  wires  according  to  above  formula.  Subtract 
OA  from  OB  and  from  OC  by  producing  OA  backwards,  com- 
pleting the  parallelograms  and  draw  the  resultants  OY  and  OZ. 
It  will  be  seen  that  the  current  OY  is  more  nearly  in  phase  with 
the  voltage  ob  than  OZ  is  with  oc,  and  therefore  the 
meter  whose  series  coils  czvry  the  OZ  current  will  be  the  slow 
one. 
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Referring  now  to  the  diagram  of  the  load,  it  will  be  seen 
that  this  is  the  meter  in  the  X  wire  and  that  it  is  next  in  phase 
rotation  after  the  wire  with  the  common  potential  tap.  A  similar 
proof  applies  to  the  case  of  a  star  connected  load. 

S.  R.  Inch. 

Depends  wholly  upon  the  relative  current  and  potential  con- 
nections of  the  meters  with  reference  to  motor. 

J.    W.    COWLES. 

IT  24.  Is  it  advisable  to  use  a  balanced  3-pliase  recording 
wattmeter  for  metering  the  power  taken  by  the  average  3-pliase 
motor  ? 

We  think  it  is  advisable  wherever  it  can  be  used,  as  it  is 
accurate  and  registers  the  true  energy  on  one  dial. 

The  Colorado  Springs  Elec.  Co. 

A  meter  of  the  polyphase  type  is  better.     Geo.  B.  Lauder. 

As  the  average  three-phase  motor  does  not  operate  under  a 
balanced  load,  all  the  objections  that  exist  against  the  use  of  one 
instead  of  two  single-phase  meters  for  measuring  unbalanced 
loads  exist  against  the  use  of  a  balanced  three-phase  recording 
wattmeter. 

The  same  objections  exist  against  the  use  of  one  single- 
phase  meter  on  a  rotary  converter,  which  is  generally  called 
balanced,  but  which  in  actual  practice  is  found  to  be  very  much 
unbalanced.  W.  W.  Titzell. 

Yes.  G.  B.  Leland. 

Yes.  H.  Bottom  LEY. 

No;  we  prefer  the  use  of  polyphase  meters  for  this  work. 

A.  H.  A.,  N.  Y.  Ed.  Co. 

Yes.  This  method  is  preferable  to  using  two  single-phase 
meters.  (Unsigned.) 
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No.  Meters  should  be  used  that  will  take  care  of  the 
unbalancing  changes  sure  to  exist  at  times.       J.  W.  Cowles. 

XT  26.  What  plan  has  been  found  to  rectify  delay  in  reading 
meters  when  located  inside  of  buildings  with  occupants  absent? 
This  in  view  of  the  loss  of  time  from  a  high-priced  meter  man's 
repeated  calls. 

Install  prepayment  meters.  W.  H.  Greenslit. 

Our  minimum  rate  is  $1.25  per  month.  Should  meter  reader 
not  be  able  to  gain  access  to  premises  after  two  or  three  calls, 
we  charge  that  customer  the  minimum  rate  each  month  until 
meter  can  be  read  again,  when  we  deduct  as  many  minimum 
rates  as  have  been  charged  since  former  reading  from  difference 
between  last  and  former  reading.  Chas.  H.  Peters. 

The  best  plan  for  rectifying  delay  in  reading  meters  that 
are  located  in  buildings  when  the  occupants  are  absent,  is  to  make 
some  suitable  arrangement  with  the  customer  whereby  the  local 
company  is  provided  with  a  key  to  the  room  or  building.  These 
keys  should  be  provided  with  nimibered  tags,  so  that  if  lost  no 
outsider  could  use  them  to  any  advantage.  The  numbers  should 
be  kept  by  the  company,  and  a  strict  record  should  be  kept  of 
the  keys  furnished  the  different  meter  readers.       F.  B.  Owen. 

Cut  off  the  service  until  an  agreement  can  be  made  between 
company  and  consumer  to  read  the  meter  by  some  means  without 
delaying  meterman.  Clayton  Geiger. 

Mail  to  the  customer  a  return  postal  card  upon  which  is 
printed  a  diagram  of  a  meter  dial,  and  request  the  customer  to 
mark  on  this  card  the  exact  position  of  the  meter  hands  and 
return  to  the  company.  F.  Ellwood  Smith. 

Make  an  appointment  by  means  of  reply  postal  card. 

J.  W.   Cowles. 

If  upon  the  second  call  of  the  meter  reader  to  take  index: 
of  the  meter,  he  can  not  gain  access  to  the  same,  it  is  customary 

V.  2—27 
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to  leave  a  slip  under  the  door,  stating  the  date  when  he  will 
again  call.  If  in  an  apartment  house,  the  janitor  is  advised  that 
he  desires  to  read  the  meter,  and  is  requested  to  make  some 
appointment.  This  generally  results  in  our  being  advised  when 
the  index  can  be  taken.  Should  this  fail,  however,  the  customer 
is  either  communicated  with  by  telephone  or  by  letter,  either  at 
His  residence  or  business  address,  if  the  same  can  be  ascertained. 

W.  R.  B.,  N.  Y.  Ed.  Co. 

It  is  inexpedient  to  call  more  than  twice.  One  man  should 
be  given  a  list  of  all  meters  not  read  on  the  first  trip  and  several 
days  after  he  can  call  again  at  these  places.        (Unsigned.) 

Arrange  in  advance  for  the  location  of  the  meter — with  the 
architect — in  every  case  of  a  new  building.  In  office  buildings 
and  apartments  have  a  meter  board  installed  in  the  basement. 
If  customer  objects  to  the  expense  of  wiring,  have  them  installed 
in  a  public  hall  or  corridor.  In  case  of  a  residence,  in  a  pantry, 
for  instance.  Avoid  private  rooms  which  it  may  not  be  con- 
venient to  enter  at  almost  any  time.  Douglass  Burnett. 

IT  26.  What  is  the  average  annual  oost  of  maintenance  (a) 
for  meters  of  direct-onrrent  type;  (b)  for  meters  of  alternat- 
ing-current type? 

Direct-current  meters,  $1.33  each;  0.40  each  for  alternating- 
current  meters.  The  Colorado  Springs  Elec.  Co. 

IT  27.  What  percentage  of  the  investment  in  meters  would 
be  a  reasonable  figure  for  the  expenses  of  the  meter  department  in 
a  plant  with  about  one  thousand  meters? 

Ten  per  cent.  The  Colorado  Springs  Elec.  Co. 

Should  not  exceed  five  per  cent.        G.  Wilbur  Hubley. 

We  have  900  meters  of  all  kinds  and  the  total  expense  inci- 
dent to  the  running  of  the  meter  department  is  approximately 
6.5  per  cent  of  the  investment  in  the  same;  about  one-third  of 
the  meters  are  modern  induction  type,  and  rest  being  mostly 
commutator  meters. 
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For  the  above  expenditure  all  our  meters  are  tested  once 
a  year  and  our  kilowatt-hours  generated  to  kilowatt-hours  paid 
lor  averages  1.24.  S.  R.  Inch. 

IT  28.  Has  there  been  a  satisfactory  arrangemettt  with 
wiring  oontraotors  whereby  the  location  of  meter  loops  are  ac- 
cessible to  meter  readers,  and  are  they  fonnd  to  live  np  to  such 
arrangement? 

• 
The  only  satisfactory  arrangement  that  can  be  made  between 
the  central  station  wiring  contractor  and  the  customer  regarding 
the  proper  location  of  meter  loops,  is  to  have  the  location  fixed 
by  a  conference  of  representatives  of  all  three.  The  central 
station  should  adopt  a  set  of  rules,  providing  that  the  meters  be 
located  not  more  than  six  feet  nor  less  than  two  feet  from  the 
floor,  and  should  refuse  to  connect  up  installations  where  these 
rules  have  not  been  complied  with,  unless  there  be  some  good 
and  sufficient  reason  why  the  meter  can  not  be  so  located.  In 
case  the  meter  must  be  located  in  some  less  easily  accessible 
place,  the  customer  should  provide  the  necessary  means  of  reach- 
ing the  meter  without  any  great  difficulty  on  the  part  of  the  meter 
reader.  In  larger  stations,  the  superintendent  of  the  meter  depart- 
ment should  in  all  cases  confer  with  the  contractor  regarding  the 
location  of  the  loop.  This  plan  was  tried  in  a  large  central  station 
where  the  writer  had  charge  of  meter  work,  and  no  trouble  was 
experienced  with  the  contractors.  F.  B.  Owen. 

We  refuse  to  install  a  meter  unless  the  meter  loop  is  located 
where  accessible  to  our  meter  readers.       United  Elec.  Lt.  Co. 

If  the  company  makes  its  own  rules  and  gives  them  to  the 
wiring  contractors,  with  the  understanding  that  the  building  will 
not  be  connected  unless  rules  are  complied  with,  we  think  the 
arrangements  will  prove  satisfactory. 

The  Gjlorado  Springs  Elec.  Co. 

We  have  rules  printed  for  wiring  contractors  to  follow. 
One  of  these  is  that  the  meter  shall  be  about  seven  feet  from  the 
floor.    The  rule  is  followed  to  a  satisfactory  extent. 

David  W.  Beaman. 
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We  require  such  a  rule,  but  make  some  exceptions  at  request 
of  consumer  only. 

Charleston  Consol.  Ry.^  Gas  and  Ei^c.  Co. 

Company  should  issue  to  wiring  contractors  a  small  book 
of  rules  containing  local  interior  wiring  requirements  additional 
to  those  of  the  National  Electrical  Code,  such  as  maximum  volt- 
age drop  allowed,  location  of  service  outiets,  location  of  meter 
loops,  et  ccptera;  and  should  refuse  to  connect  any  installation  in 
which  these  rules  are  not  complied  with. 

Warren  Partridge. 

Meter  loops  should  be  made  as  accessible  as  possible  within 
reason,  but  we  have  not  always  been  successful  in  getting  con- 
tractors to  so  make  them,  although  we  have  rules  governing  that 
matter.  Geo.  B.  Lauder. 

There  has  been  an  agreement  between  wiring  contractors 
to  locate  meter  loops  six  feet  from  the  floor.  So  far  as  living  up 
to  it,  from  my  experience,  you  have  to  keep  continual  tab  on  them, 
and  if  meter  loops  are  not  in  an  accessible  place,  do  not  put 
meter  in  until  done  properly.  Clayton  Geiger. 

Unfortunately  not.  J.  W.  Cowles. 

The  following  rule  has  been  found  most  satisfactory  in  its 
application : 

The  position  selected  for  the  meter  is  subject  to  the  approval 
of  our  inspector;  this  position  must  be  free  from  vibration  and 
dampness,  and  not  more  than  eight  feet  above  the  floor.  The 
branch  cut-out  leading  to  the  meter  loop  should  be  provided  by 
the  contractor,  who  should  also  be  careful  to  insure  that  the  main 
conductors  extending  back  to  the  service  switch  have  capacity 
sufficient  for  the  entire  installation,  in  accordance  with  the  usual 
standards.  A.  A.  P.,  N.  Y.  Ed.  Co, 

Every  company  should  have  a  set  of  rules  and  regulations 
covering  the  locations  of  meters,  the  distance  of  meters  from  the 
point  where  wires  leave  the  building,  the  position  of  outlet  rela- 
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tive  to  the  company's  service  on  the  street,  and  various  other 
points  of  thi^  kind.  These  rules  should  be  distributed  to  the 
various  wiring  contractors,  and  it  will  be  found  that  where  con- 
tractors know  what  the  company  requires,  they  are  entirely  willing 
to  comply  with  said  requirements.  F.  G.  Proutt. 

In  some  cities  it  is  the  practice  of  the  company  to  refuse  to 
connect  a  service  where  the  meter  can  not  be  set  at  a  distance  of 
not  less  than  two  feet  and  not  more  than  six  feet  from  the  floor. 

(Unsigned.) 

XT  29.  Does  a  peep-hole  in  the  meter  oover  indnce  the  eon- 
sumer  to  tamper  with  and  try  to  stop  the  metert 

The  peep-hole  (glass  in  meter  cover)  does  not  induce  the 
consumer  to  tamper  with  the  meter;  in  fact,  it  has  been  our 
experience  that  the  opposite  result  is  obtained. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

Invariably  it  does.  The  old  style  Thomson  recording  watt- 
meters being  entirely  closed,  except  the  dial,  showing  no  moving 
parts,  caused  little  complaint  and  inquiry  as  to  operation  of 
meters,  whereas  a  peep-hole  in  the  meter  is  often  broken,  match 
sticks  and  hat  pins  are  placed  under  the  disc  and  the  meter  is 
often  moved  back  in  the  middle  of  the  month  and  a  piece  of  glass 
placed  over  the  hole  after  this  is  done.       William  M.  Lewis. 

Every  man  who  has  much  experience  with  the  public  and 
electric  meters  comes  to  have  the  feeling  sooner  or  later  that  a 
great  many  people  make  it  their  constant  study  how  they  can 
beat  the  company  by  tampering  with  the  meter,  and  it  is  very 
likely  that  the  sight  of  the  disc  revolving  behind  the  glass  in  the 
case  puts  thoughts  into  their  minds  and  sets  them  to  work  on  the 
problem  of  stopping  it,  but  with  modem  meters  installed,  a  com- 
pany is  pretty  safe  if  the  meters  are  kept  sealed  securely.  The 
only  meters  that  I  ever  found  that  had  been  tampered  with  when 
they  were  properly  sealed  were  some  of  the  old  Thomson  record 
wattmeters,  which  had  no  glass  in  front  of  the  disc.  The  cases 
of  these  were  very  light  and  ill-fitting  and  did  not  give  mucli 
protection  to  the  insides.    In  one  instance  I  found  a  tiny  hole  in 
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the  case  on  a  level  with  the  disc,  about  the  size  of  a  No.  28  or 
No.  30  wire,  and  another  time  the  party  had  blown  some  very 
fine  iron  filings  into  the  meter  which  had  been  attracted  by  the 
magnets  in  sufficient  quantities  to  effectually  stop  the  disc.  My 
experience  leads  me  to  believe  that  a  person  of  that  kind  has  a 
great  respect  for  a  seal,  for  he  knows  the  consequences  are  serious 
if  convicted  of  breaking  one.  When  dealing  with  people  of  that 
kind  a  man  mqst  use  extra  precautions.  One  part  of  my  territory, 
where  there  were  sixty-odd  meters,  I  used  to  visit  every  month 
for  no  purpose  but  to  see  that  the  seals  were  intact,  the  meters 
iall  right  and  the  surrounding  wires  in  proper  condition.  The 
sealing  faces  of  the  sealing  pliers  were  smooth,  but  I  stamped 
the  company's  initials  on  them  and  after  I  had  got  the  meters 
properly  sealed  and  had  beg^n  the  frequent  system  of  inspection 
I  never  had  a  meter  tampered  with. 

East  River  Elec.  Co., 

Per  Meter  man. 


It  is  certainly  not  advisable  to  have  a  hole  in  the  meter  cover, 
as  it  places  temptation  in  the  way  of  the  customer  to  tamper  with 
the  instrument.  W.  R.  B.,  N.  Y.  Ed.  Co. 


No,  we  think  not.  Augusta  Ry.  and  Elec.  Co. 


No.  The  more  a  customer  can  see  of  his  meter  the  better. 
This  is  recognized  now  by  the  manufacturing  companies,  and 
most  of  the  new  models  are  furnished  with  glass  covers  exposing 
the  registering  mechanism  and  the  moving  element. 

(Unsigned.) 


No;  the  peep-hole  is  of  very  much  value,  as  it  enables  the 
inspector  to  prove  that  his  meter  does  not  creep,  and  if  the  con- 
sumer desires  to  tamper  with  the  meter  he  will  do  it,  regardless 
of  all  you  can  do.  Fred  M.  Lege,  Jr. 


No.  J.    W.    COWLES. 
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XT  SO.  So  repolished  meter  jewels  and  pivots  give  as  good 
senrioe  as  new  onest 

If  carefully  cleaned  out,  repolished  jewels  will  give  excellent 
results.  Warren  Partridge. 

No.    A  new  pivot  should  always  be  used  with  a  new  jewel. 
Charleston  Consol.  Ry./  Gas  and  Elec.  Co. 

Yes.  Augusta  Ry.  and  Elec.  Co. 

No,  as  you  can  not  polish  a  jewel  as  evenly  as  it  should  be. 
and  it  is  cheaper  to  put  in  new  ones.  Fred  M.  Lege,  Jr. 

For  certain  conditions  practically  as  good  results  may  be 
obtained,  although  a  closer  system  of  inspection  may  be  required. 

J.   W.  COWLES. 

IT  31.  What  are  the  advantages  and  disadvantages  of  an 
exoessively  high  torque  in  an  induction  meter? 

High  torque  gives  accuracy  on  light  loads. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

The  advantage  of  a  high  torque  in  any  meter,  and  particu- 
larly in  induction  meters,  is  the  greater  sustained  accuracy, 
especially  on  light  load  for  a  long  period,  provided  the  construc- 
tion of  the  meter  otherwise  is  such  that  the  high-torque  feature 
is  not  offset  by  other  disadvantages  that  make  the  meter  worse 
for  actual  service  than  one  with  much  lower  torque,  and  in  which 
the  features  of  bearings,  disc  construction,  et  ccetera,  are  better 
worked  out.  It  is  evident  that  a  meter  with  a  high  torque  will 
tend  to  run  on  a  much  smaller  load  than  will  a  low-torque  meter, 
other  things  being  equal,  and  in  case  the  jewel  should  become 
slightly  roughened  the  high-torque  meter  will  have  a  much  higher 
accuracy  on  the  light  loads  for  a  longer  period  than  will  the  low- 
torque  meter  under  same  conditions ;  but  if  the  high-torque  meter 
is  constructed  with  a  heavy  rotating  element  and  a  powerful 
unbalanced  shunt  magnetic  field  which  produces  extreme  vibra- 
tion of  the  rotating  clement  continuously,  the  strong'field  and  the 
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heavy  disc  being  necessary  to  get  the  high  torque,  then  this 
meter  will  be  manifestly  inferior  to  one  with  a  lighter  disc,  evenly 
balanced  shunt  field  and  lower  torque,  for  the  latter  meter  will 
not  wear  out  its  jewel  bearing  anything  like  as  rapidly  as  the 
former,  and  it  is  really  in  the  life  of  the  bearings  (which  deter- 
mine the  accuracy  of  the  meter  on  light  load  after  continued  ser- 
vice) that  the  superiority  or  inferiority  of  the  high-torque  meter 
as  against  a  lower-torque  meter  is  determined. 

R.  C.  Lanphier. 

The  advantage  of  the  high  torque  is  that  friction  is  overcome 
and  a  small  increase  in  friction  (as  from  a  rough  jewel)  does 
not  cause  so  much  lag  as  it  would  in  a  low-torque  meter. 

The  disadvantage  of  the  high-torque  meter  is  its  tendency 
to  creep  after  recalibration  unless  great  care  is  taken  with  the 
light-load  adjustment;  also  the  increase  in  the  shunt  loss,  which 
becomes  a  considerable  item  when  there  are  numbers  of  such 
meters  in  operation.  (Unsigned.) 

I  find  that  the  high-torque  meter  is  a  necessity,  as  it  will 
register  hylo  lamps ;  many  residences  will  use  them  all  night  and 
if  your  meter  will  not  move  you  are  the  loser.  They  are,  how- 
ever, harder  to  keep  from  creeping.  Fred  M.  Lege,  Jr. 

High-torque  meter  has  power  to  overcome  incipient  friction. 

John  J.  Gaffney. 

XT  32.  Where  is  the  best  place  to  locate  a  meter  in  a  private 
residence,  considering  convenience  for  reading  and  inspecting 
and  the  least  iiiconvenience  to  the  customer? 

From  our  experience,  we  find  it  best  to  locate  meters  on 
back  piazza  or  in  kitchen.    Kitchen  meters  must  be  insect  proof. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

Where  possible,  in  the  rear  hall  upstairs;  otherwise  in 
kitchen.  Fred  H.  Beck. 

In  the  attic  of  the  house.  If  no  attic  to  which  there  is  a 
stairway,  then  in  a  room  not  in  regular  use — depending  on  condi- 
tions. Madison  Lt.  and  Ry.  Co. 
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In  an  attic  or  in  a  room  that  is  not  private. 

Clayton  Geiger. 

In  some  lighted  place  in  cellar,  as  most  companies  now  oper- 
ate or  will  operate  both  gas  and  electric  properties,  and  a  com- 
bination meterman  reading  the  gas  meter,  which  is  invariably  in 
the  cellar,  can  read  the  electric  meter  in  less  time  than  if  it  were 
placed  upstairs  or  in  the  attic.  Dampness  in  most  cellars  is 
scarcely  noticeable  so  far  as  the  operation  of  the  meter  is  con- 
cerned. William  M.  Lewis. 

In  the  cellar.  F.  Ell  wood  Smith. 

With  underground  service,  cellar  stairway.  With  overhead 
service,  cellar  or  attic  stairway.  Never  in  dark  place  or  above 
seven  feet  from  floor  if  avoidable.  D.  O'Connell. 

The  best  location  for  a  meter  in  a  private  residence  is  with- 
out doubt  in  the  cellar.  There  it  is  accessible  for  reading  and 
inspection  purposes,  and  is  less  liable  to  cause  inconvenience  to 
the  customer  than  at  any  other  point  that  might  be  chosen. 

E.  A.  N.,  N.  Y.  Ed.  Co. 

In  the  cellar.  This  location  has  the  additional  value  that  the 
vibration  here  is  a  minimum.  (Unsigned.) 

The  basement  is  the  best  place  for  the  location  of  meters, 
provided  a  clean  and  dry  place  can  be  found  in  it.  This  will 
obviate  the  necessity  of  having  meter  readers,  inspectors,  et  ccBtera, 
going  through  the  house  every  month  and  will  also,  in  most  cases, 
make  the  meter  accessible  even  though  the  house  may  be  locked 
up.    This  is  especially  true  in  the  case  of  apartment  buildings. 

Geo.  H.  Jones. 

Locate  your  meters  where  your  reader  can  see  the  dials 
without  the  use  of  search  light  or  ladder,  as  it  will  enable  him  to 
lead  them  much  faster  and  if  they  give  trouble  you  will  hear 
about  it  sooner.  Fred  M.  Lege^  Jr. 

Basement.  J.  W.  Cowles. 
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A  most  convenient  point  from  the  company's  standpoint  is 
in  the  basement  near  the  entrance  of  the  underground  service. 
For  overhead  supply,  the  kitchen  or  pantry. 

Douglass  Burnett. 

IT  83.  In  small  towns  nsing,  say,  300  to  500  meters,  is  it 
advisable  to  employ  an  ezperienoed  meter  man,  at  yearly  intervals, 
to  go  over  all  meters  in  nset 

In  towns  using  as  many  as  500  meters,  a  man  of  experience 
in  such  lines  should  give  all  meters  a  thorough  inspection  and  test 
once  a  year.  Lee  Boyer. 

A  town  using  from  300  to  500  meters  should  employ  one 
experienced  meterman,  who  should  set  and  remove  all  meters, 
test  all  meters  at  plant  before  installing  same,  inspect  and  test 
each  meter  on  the  lines  once  in  six  months,  make  necessary  tests 
on  customers'  complaints,  and  read  the  meter  indexes  each  month. 

Warren  Partridge. 

Yes.  Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

We  find  one  can  not  be  too  careful  about  keeping  meters  up 
in  good  shape.  P.  H.  Korst. 

Yes.  Clayton  Geiger. 

It  is  certainly  advisable  for  a  small  town  having  from  300 
to  500  meters  to  employ  an  experienced  meterman  to  test  meters 
in  service  and  those  coming  from  the  factory,  and  to  keep  an 
accurate  record  of  all  such  tests.  H.  J.  Meyer. 

It  is,  as  the  increase  in  business  due  to  cleaning  and  repairing 
meters  covers  the  expense  of  the  meterman  in  the  first  month  and 
a  half.  From  June  i  to  September  15  is  the  best  time  for  this 
work.  William  M.  Lewis. 

It  will  well  repay  such  a  station  as  is  suggested  in  this  ques- 
tion to  have  its  meters  carefully  checked,  as  this  is  the  only  way 
of  maintaining  the  confidence  of  the  consumers  in  the  accuracy 
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of  the  meters  and  of  preventing  large  losses  to  the  station  on 
account  of  meters  becconing  slow.  If  all  meters  were  enclosed 
in  moisture-proof  and  dust-proof  cases,  this  might  not  be  neces- 
sary. DuGALD  C.  Jackson. 

Yes.  F.  Ellwood  Smith. 


Yes,  we  think  so — or  some  equivalent  method. 

Augusta  Ry.  and  Elbc  Co. 


It  is  advisable  for  any  plant  to  have  its  meters  tested  at  least 
tonually.  O.   J.    Bushnell. 

Decidedly  yes.  As  the  meters  really  decide  what  the  income 
of  the  plant  is,  they  should  be  kept  in  the  best  of  repair.  If  only 
a  small  per  cent  of  the  meters  are  slow  and  the  meter  man  dis- 
covers the  trouble,  it  will  more  than  pay  his  salary. 

M.  A.  Hogan. 

Yes.  Better  results  can  be  obtained  and  for  less  money  than 
by  employing  year  in  and  year  out  a  low-priced  and  inexpert 
meter  man.  The  high-priced  meter  expert  may  be  the  means  of 
saving  the  central  station  much  revenue  and  is  paid  for  only  the 
time  he  is  with  the  company — ^a  few  months  each  year.  That 
all  meters  in  service  should  be  tested  at  least  once  a  year  is 
admittedly  the  basis  of  good  meter  practice.  It  is  best  that  it 
should  be  done  by  a  man  who  is  experienced  in  handling  the 
problems  presented  by  meter  systems.  (Unsigned.) 

Yes,  if  you  have  not  a  man  in  your  employ  who  is  capable 
of  testing  your  meters,  for  as  a  rule  you  will  find  them  all  slow. 
On  the  other  hand,  I  would  advise  the  purchase  of  an  indicating 
wattmeter  or  a  volt  and  ammeter,  instructing  some  electrician  in 
your  employ  so  that  he  can  check  them  at  odd  times. 

Fred  M.  Lege,  Jr. 

Yes.  J.  W.  CowLEs. 
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TS  34.  Whioh  it  the  better  method  of  handling  a  meter 
department  in  a  small  company  supplying  from  600  to  1000  custo- 
mers? Should  one  man  be  employed  to  devote  all  his  time  to 
reading  and  testing  meters,  extending  the  reading  over  several 
days^  or  should  the  readings  be  made  by  several  men,  taken 
away  from  other  duties  on  two  or  three  days  of  each  month, 
the  testing  to  be  done  by  one  man,  who  also  has  other  duties! 
If  the  former  method  were  followed,  how  many  meters  should 
one  man  be  able  to  take  care  of  properly  t 

Two  competent  inspectors  should  be  employed,  to  devote  all 
their  time  to  reading,  testing  and  repairing  500  to  1000  meters. 
Two  competent  men  could  easily  take  the  readings  of  1000 
meters  in  three  days. 

A  thousand  consumers  should  keep  two  first-class  inspectors 
busy  twenty-three  days  out  of  thirty,  making  a  systematic  inspec- 
tion of  meters  and  repairs  to  meters,  including  cause  and  no 
cause  for  complaint  by  consumers. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

Should  employ  an  experienced  meter  man ;  have  him  devote 
his  time  to  meters  only.    One  man  for  every  500  meters. 

Clayton  Geiger. 

One  man  can  start  reading  meters  on  the  twenty-sixth,  have 
1200  or  I4i00  meters  finished  by  the  thirtieth  and  bills  entered  in 
ledgers,  et  ccetera,  by  bookkeeper,  starting  to  deliver  the  bills  on 
the  first  or  mailing  them  on  the  night  of  the  thirty-first  The 
same  man  could  be  used  for  collector  and  office  assistant.  Another 
man,  one  employed  as  foreman,  can  oversee  all  meter  installations, 
test  them,  et  catera.  This  scheme  has  been  in  operation  for  three 
years  and  has  been  found  most  satisfactory. 

William  M.  Lewis. 

Let  one  man  do  all  the  meter  work.    Approximately  1000. 

J.  W.  COWLES. 

One  man  doing  all  the  reading  can  go  about  quicker  and  he 
becomes  more  accurate.  Augusta  Ry.  and  Elec  Co. 
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It  would  be  better  to  employ  one  man  to  devote  all  his  time 
to  reading  and  testing  meters.  He  should  be  able  to  take  proper 
care  of  from  800  to  1000.  O.  J.  Bushnell. 


It  is  desirable  to  have  all  meters  read  within  as  small  a 
space  of  time  as  possible  and  preferably  in  one  day.  This  can 
best  be  accomplished  by  using  several  men. 

The  testing  and  recalibrating  had  best  be  done  by  one  man, 
who  need  be  employed  for  only  so  long  a  time  each  year  as  is 
necessary  for  going  over  all  meters  in  service.       (Unsigned.) 

We  have  iioo  meters  installed  in  this  city  and  make  a 
practice  of  checking  them  every  time  they  are  moved,  and  where 
.they  are  in  use  a  year  they  are  taken  out,  cleaned,  checked  and 
then  put  in  use  again.  My  switchboard  man  does  the  checking 
of  meters  and  arc  lamps;  keeps  them  all  in  good  repair  and 
attends  to  the  board,  which  is  read  every  hour.  He  uses  a  bank 
of  100  lamps  cut  in  sections  of  one  to  ten  from  2-cp  to  32-cp, 
and  has  a  variable  resistance  for  the  different  meters  so  as  to 
obtain  the  necessary  voltage ;  he  also  uses  a  small  and  large  indi- 
cating wattmeter,  as  well  as  volt  and  ammeter  in  series  with  the 
meter  to  be  checked,  and  by  the  use  of  a  stop  watch  he  can  easily 
clean  and  check  ten  meters  per  day  where  the  repairs  are  not  very 
large.  Fred  M.  Lege,  Jr. 

IT  35.  What  method  of  metering  current  has  been  found 
best  inited  for  installationi  consisting  of  single  and  S-phase^ 
220-yolt  motors,  resulting  in  an  unbalanced  3-phase  loadt 

Polyphase  recprding  wattmeters. 

Ralph  D.  Laxton. 

Any  polyphase  integrating  wattmeter  worthy  of  the  name 
should  care  for  an  unbalanced  three-phase  circuit,  and  it  is 
decidedly  preferable  over  three  single-phase  meters,  as  it  usually 
will  be  found  cheaper  in  first  cost,  cheaper  to  install  and  takes 
up  very  much  less  room  in  the  customer's  premises. 

M.  Carrington. 
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Use  regular  polyphase  three-phase  meter,  which  will  take 
care  of  the  unbalanced  load.  J.  W.  Cowles. 

For  the  single-phase  circuit  (either  one  of  the  phases)  any 
good  single-phase  meter  may  be  used.  The  only  completely 
satisfactory  way  of  metering  the  three-phase  circuit  is  to  use 
a  meter  with  two  sets  of  rimning  gear  on  one  spindle,  the 
respective  coils  of  which  connect  to  the  three-phase  circuit  in 
the  well-known  manner  of  the  "two  wattmeter  method.'* 

DuGALD  C.  Jackson. 

IT  36.  We  are  operatmg  a  600-yolt|  diieot-cnrrenty  2-wir6 
circuit  for  power,  and  while  our  linei,  motors  and  meters  are 
protected  by  lightning  arresters,  we  lose  from  10  to  15  meters 
in  the  spring  from  lightning  discharges.  What  is  the  best 
method  of  preventing  thist 

Insert  heavy  reactive  coils  in  both  lines  between  arresters 
and  meter.  Ralph  D.  Laxton. 

Possibly  grounds  of  the  following  nature  would  cover  this: 
Bury  a  24-inch  by  30-inch  copper-tinned  plate  in  permanently 
moist  earth,  with  charcoal  or  crushed  coke  to  draw  water.  Con- 
nect without  any  sharp  bends  or  angles  (straight  run  of  wires 
is  important)  large  ground  wire,  say  No.  o  B.  &  S.,  being 
careful  not  to  cover  the  wire  with  a  pipe,  but,  rather,  put  it  in 
wood  moulding.  William  M.  Lewis. 

If  the  questioner  will  keep  a  close  record  of  the  points  at 
which  he  is  losing  meters  and  will  plot  them  on  a  map,  he 
will  probably  find  his  trouble  is  confined  to  a  comparatively 
small  locality  where  insufficient  lightning  protection  is  afforded. 
Given  this  information,  he  can  then  proceed  to  strengthen  this 
protection.  It  is,  of  course,  possible  that  the  lightning  arresters 
that  he  now  has  in  service  are  defective  or  have  insufficient 
ground  connections,  either  of  which  troubles  will  render  them 
practically  useless.  M.  Carrington. 

See  that  your  lightning  arresters  are  clean  and  of  the  best 
make,  that  the  connections  are  tight  and  that  you  have  a  first- 
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class  ground  wire,  free  from  turns,  kinks,  et  ccetera,  and  con- 
nected to  permanently  moist  earth.  W.  R.  Collier. 

Grounding  your  meters  may  stop  this  trouble,  but  I  am  of 
the  opinion  that  your  lightning  arresters  are  not  watched  very 
closely.  Fred  M.  Lege,  Jr. 

Try  a  different  type  of  lightning  arrester. 

Augusta  Ry.  and  Elec.  Co. 

Put  on  better  lightning  arresters  (that  is,  arresters  with 
smaller  air-gaps,  which  are  more  sensitive  and  protect  against 
the  rise  of  potential  more  effectively)  or  purchase  meters  with 
better  insulation.  Dugald  C.  Jackson. 

The  breaking  down  of  soo-volt  armatures  is  found  to  be 
a  common  result  of  static  discharges,  lightning  or  otherwise,  for 
which  no  remedy  has  been  found.  J.  W.  Cowles. 

V" 

•    ADVERTISING 

V  1.  What  do  you  consider  the  best  method  of  advertising 
the  electric-lighting  business? 

The  best  method  of  advertising  an  electric-light  business  is 
by  making  a  direct  appeal  in  a  sensible  manner  to  the  pros- 
pective consumer,  on  the  yearly  plan,  never  letting  up  on  him, 
but  keeping  after  him  earnestly,  on  a  plan  drawn  a  year  in 
advance.  By  making  the  plan  in  this  manner,  you  insure  its  con- 
tiir.uit|>%  its  interlocking  force,  and  the  logical  sequence  of  the 
pieces.  Go  for  the  possible  customer  directly,  and  talk  only 
one  thing  to  him,  but  never  approach  the  subject  twice  in  the 
same  manner  so  as  to  grow  monotonous.  Make  the  plan  fit 
in  with  your  salesmen  by  constantly  soliciting  an  interview, 
while  you  are  putting  forth  your  best  arguments.  This  will 
disclose  the  people  who  are  the  easiest  of  approach.  If  you 
make  it  easy  in  replying,  to  name  a  day  and  hour  for  an  inter- 
view, you  will  conserve  your  salesman's  time. 

Converse  D.  Marsh. 
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I  consider  the  best  method  of  advertising  the  electric  light- 
ing business  to  be  a  judicious  campaign  through  the  mails, 
addressed  to  a  selected  mailing  list,  vigorously  followed  up  by 
personal  solicitation.  La  Rue  Vredenburgh. 

Electric  signs,  and  up-to-date  methods  in  conduct  of  busi- 
ness. G.  Wilbur  Hubley. 

By  furnishing  better  light  than  anybody  else  can  furnish  and 
at  reasonable  rates.  United  Elec.  Lt.  Co. 

No  single  method  of  promoting  publicity  can  be  called  ade- 
quate to  the  requirements  when  advertising.  In  a  business 
such  a  electric  lighting,  electric  power  and  electric  heating,  it 
becomes  largely  a  matter  of  the  education  of  the  public ;  and  the 
public  can  not  be  reached  through  a  single  channel. 

First  and  foremost,  we  would  say  that  for  any  sized  town 
or  station  newspaper  advertising  is  good — ^generally  necessary — 
but  too  expensive  a  method  to  depend  on  for  detail  and  detail  is 
quite  a  necessary  accompaniment  to  education.  Supplement  this 
general  advertising  with  either  circular  letters,  printed  circulars, 
or  both,  with  an  occasional  booklet  on  a  more  elaborate  scale. 
If  the  field  is  large  enough  and  warrants  it,  the  monthly  bulle- 
tin is  advisable,  but  almost  too  expensive  except  for  cities  of  the 
first  class. 

Newspaper  advertising  will  pay  an)rwrhere  if  properly  done. 
The  smaller  the  town,  the  lower  the  rate  should  be,  and  to  just 
what  extent  one  should  indulge  is  very  difficult  to  say.  The 
business  should  be  put  prominently  before  the  reading  public 
in  a  newsy  and  attractive  style,  and  so  often  that  they  will 
never  have  a  chance  to  forget  you. 

This  gives  the  general  publicity 

Then  prepare  a  selected  mailing  list  compiled  from  the 
directory,  a  general  knowledge  of  the  town,  and  from  the  reports 
of  the  solicitors,  and  keep  in  touch  with  these  people  through  per- 
sonally-addressed letters,  and  such  printed  matter  as  will  apply 
to  their  different  requirements.  For  instance,  get  some  data  on 
elevators,  a  cut  or  two,  and  make  up  a  circular  putting  forth 
your  claims  to  the  superiority  of  the  electric  and  central-station 
service.    Mail  one  to  every  possible  user  of  an  elevator  on  your 
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list,  and  if  a  seeming  personal  letter  or  recommendation  from 
a  prominent  consumer  can  accompany  it,  so  much  the  better. 
Prepare  another  on  forge  blowers,  or  on  the  various  applications 
to  wood-working  machinery,  on  store  lighting,  on  residence 
lighting.  Just  how  often,  will  vary  with  the  conditions.  But  keep 
the  one  point  in  mind — ^that  you  are  to  show  the  people  you 
are  always  alive  and  pushing  for  their  business.  Then  they 
will  give  you  a  chance.  R.  Louis  Lloyd. 

Any  legitimate  method  that  would  benefit  customers  and 
increase  business ;  for  instance,  newspaper  advertisements  having 
glowing  head  lines  as  to  the  cheapness  of  electric  power  for  the 
operation  of  John  Smith's  or  Bill  Jones's  place  of  business  for  the 
past  three  months.  C.  C.  Gartland. 

Good  continued  service,  and  descriptive  matter  sent  out  with 
bills  each  month.  C.  W.  Koiner. 

Monthly  bulletins,  each  on  a  specific  subject,  and  giving  as 
full  information  as  possible,  not  neglecting  prices  of  apparatus  and 
service ;  and  showing  photographs  of  actual  installations  in  your 
own  district,  accompanied  by  letters  from  the  customers.  Send 
these  monthly  bulletins  to  a  mailing  list  containing  architects, 
builders,  and  prospective  customers  reported  by  solicitors.  Keep 
a  business  directory,  and  send  bulletins  to  all  people  who  may  be 
interested  in  the  particular  question  discussed. 

Have  a  liberal  policy  in  your  relations  with  your  customers 
by  avoiding  charges  for  extras,  and  minimum  charges  where 
possible. 

Give  your  attention  not  only  to  the  management  and  opera- 
tion of  your  company,  but  study  to  find  out  how  your  service 
may  be  used  by  different  classes  of  people,  and  why  it  should  be 
used  in  preference  to  other  methods,  if  at  all. 

Douglass  Burnett. 

This  depends  largely  upon  conditions.  In  large  cities, 
a  combination  of  several  methods  has  been  found  expedient. 
In  towns  of  from  5000  to  25,000  population,  newspapers  can  be 
used  to  advantage.  Folders  covering  some  special  feature  of 
electric  lighting  can  be  sent  out  occasionally  with  good  results, 
and  at  small  expense.  D.  H.  Howard. 

V.  2    28 


434  V— ADVERTISING  V  2 

V  2.  I8  a  monthly  bnlletin  or  paper  valuable  to  small  sta- 
tions for  adyertising  purposes? 

We  believe  not ;  it  is  better  to  use  any  surplus  in  perfecting 
your  system,  and  giving  the  best  possible  service  at  a  reasonable 
rate.  Furnishing  customers  the  real  thing  satisfies  them  better 
than  a  little  picture  book  or  a  fairy  tale  each  month. 

Chas.  H.  Peters. 

A  monthly  bulletin  or  paper  is  valuable  to  small  stations, 
if  it  is  arranged  on  a  syndicate  basis;  that  is,  a  number  of  cities 
joining  in  the  effort.  Small  stations  by  this  method  will  have  their 
bulletin  make  a  creditable  showing.  Converse  D.  Marsh. 

I  do  not  consider  a  monthly  bulletin  of  much  value  in  cities 
of  less  than  100,000  inhabitants.  La  Rue  Vredenburgh. 

See  answer  to  question  V  i.  R.  Louis  Lloyd. 

Extremely  so.  Douglass  Burnett. 

The  monthly  bulletin  can  be  used  to  good  advantage  by 
small  stations,  although  in  the  large  majority  of  cases  the  station 
would  not  be  warranted  in  publishing  it.  These  can  be  obtained 
from  some  advertising  agency  on  the  syndicate  plan,  monthly, 
in  quantities  desired.  D.  H.  Howard. 

V  3.  Does  newspaper  advertising  pay  in  towns  of  less  than 
6000  people? 

In  our  opinion,  it  does  not.  Chas.  H.  Peters. 

Newspaper  advertising  in  small  towns  will  not  pay  unless 
it  is  very  cleverly  and  craftily  done.  Converse  D.  Marsh. 

I  consider  the  main  value  of  advertising  in  newspapers  in 
towns  of  less  than  5000  inhabitants  to  consist  in  keeping  the 
newspapers  themselves  in  line,  except  in  towns  where  lighting 
companies  are  just  starting  business  or  into  which  they  are 
(extending  their  lines  for  the  first  time. 

La  Rue  Vredenburgh. 
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Yes,  more  especially  because  it  keeps  the  good  will  of  the 
papers.  F.  Ellwood  Smith. 

No;  but  keep  yourself  before  the  people  by  doing  something 
out  of  the  usual  run  of  things.  L.  E.  Watson. 

I  do  not  think  so.  Andrew  F.  Hall. 

See  answer  to  question  V  i.  R.  Louis  Lloyd. 

Newspaper  advertising  can  be  made  to  pay  in  towns  of  less 
than  5000  population.  Every  one  reads  the  local  paper,  adver- 
tising rates  are  low,  and  if  the  proper  copy  be  properly  prepared 
and  presented,  it  should  show  results.  D.  H.  Howard. 

y  4.  In  a  city  of  26,000,  to  what  extent  is  it  profitable  to 
advertise  by  means  of  prepared  printed  matter  mailed  to  pros- 
pective customers  t 

Printed  matter  and  letters  mailed  direct  to  the  prospective 
customer,  are  good  in  a  city  of  any  size.  The  common-sense 
rule  of  going  to  a  man  and  asking  for  his  business  should  pre- 
vail, and  you  can  ask  him  more  persuasively,  tactfully  and 
"remorsefully"  of  you  do  it  by  mail,  utilizing  the  salesmen  to 
work  up  the  "soft  spots"  that  your  replies  develop.  I  do  not 
understand  why  you  state  in  this  question,  a  city  of  25,000 
inhabitants.  Converse  D.  Marsh. 

In  cities  of  25,000  inhabitants  I  should  say  that  the  expendi- 
ture of  one  per  cent  of  the  gross  receipts  per  year  in  advertising 
should  prove  profitable.  La  Rue  Vredenburgh. 

See  answer  to  question  V  i.  R.  Louis  Lloyd. 

A  booklet,  such  as  gotten  out  by  several  publishing  houses, 
if  properly  followed  up,  ought  to  do  good  work. 

Augusta  Ry.  and  Elec.  Co. 

It  is  very  doubtful  to  me  whether  or  not  it  is  ever  profitable 
to  mail  printed  advertising  matter  indiscriminately  to  prospective 
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customers.  Most  of  it  goes  into  the  waste  basket,  anyhow.  In  so 
small  a  town  as  the  one  mentioned,  the  superintendent  should 
know  pretty  nearly  what  specialties  it  would  be  possible  to  interest 
a  prospective  customer  in.  If  a  card  index  is  kept,  indicating 
such  lines,  it  will  be  found  of  great  assistance.  Whatever  printed 
matter  is  used  should  be  sent  direct  with  the  solicitor  to  the  man 
you  desire  to  reach.  Otherwise,  you  scatter  your  anmiunition 
and  waste  most  of  it.  H.  T.  Hartman. 


An  attractive  folder,  say  once  a  month,  dwelling  upon  some 
special  electrical  feature  appealing  to  residences  one  month,  the 
next  month  to  business  houses,  augmented  by  a  weekly  display 
advertisement  in  the  local  paper,  can  not  fail  to  be  productive  of 
results.  D.  H.  Howard. 

Put  an  interesting  little  slip  into  every  envelope  mailed  from 
your  office.  Douglass  Burnett. 

y  6.  Of  the  yarioni  fomu  of  advertising  adopted  by  rnann^ 
factnren^  which  appeab  to  yon  most  strongly  or  best  accom- 
plishei  its  pnrpose?  This  with  special  reference  to  large  and 
small  advertisements  in  technical  papers  and  indiscriminate  and 
persistent  circnlaricing. 

I  do  not  believe  in  indiscriminate  circularizing.  You  ought 
to  circularize  on  carefully  prepared  lists. 

Converse  D.  Marsh. 

I  consider  well-placed  and  properly-worded  advertisements 
in  technical  papers  of  more  value  than  indiscriminate  circulariz- 
ing, but  not  so  good  as  judicious  and  persistent  circularizing. 

La  Rue  Vredenburgh. 

Large  advertisements  in  techincal  papers. 

G.  Wilbur  Hubley. 

Large  and  small  advertisements  in  technical  papers  appeal 
most.  Augusta  Ry.  and  Elec.  Co. 
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For  manufacturers,  the  bulletin  and  catalogue  are  most 
eflfective.  An  occasional  novelty  can  not  go  amiss.  Technical 
papers  are  valuable  where  competition  is  brisk. 

D.  H.  Howard. 


Pick  out  the  man  you  want  to  convert,  find  out  what  you  can 
do  for  him,  and  how  your  proposition  should  most  appeal  to  him, 
then  send  to  him  and  circularize  him  until  he  adopts  your 
proposition.  Douglass  Burnett. 

y  6.  (a)  Do  exhibit  and  display  departments  payt  (b) 
Conid  not  a  widely-announoed  exhibition  of  eleotrical  novelties 
be  arranged  yearly,  or  of tener,  to  advantage  t 

Exhibit  and  display  departments  are  all  right — ^are  ver>'  edu- 
cational; but  you  have  got  to  advertise  among  the  people  in 
order  to  get  them  to  visit  such  display.  This  display  feature 
has  been  carried  out  splendidly  in  Boston,  and  at  a  trifling  cost, 
because  all  the  manufacturers  were  glad  to  donate  the  apparatus. 

Converse  D.  Marsh. 

In  small  towns,  I  am  of  the  opinion  that  a  yearly  exhibi- 
tion of  electrical  apparatus,  properly  announced  and  advertised, 
should  prove  profitable  to  the  lighting  company,  and  in  larger 
cities,  say  of  300,000  inhabitants  or  more,  a  permanent  elec- 
trical exhibition  is  of  tmdoubted  value. 

La  Rue  Vredenburgh. 

Think  such  a  plan  most  excellent  from  view-point  of  adver- 
tising. Practical  demonstrations  and  education  of  the  public 
on  electrical  subjects  and  methods  would  prove  of  great  benefit. 

G.  Wilbur  Hubley. 

An  exhibit  and  display  department  for  a  small  plant  is 
an  excellent  means  of  advertising,   and  brings  good   results. 

A.  R.  MacKinnon. 

An  exhibit  and  display  room  is  a  very  advantageous  fea- 
ture to  assist  the  solicitors.     Attractive  display,   comfortable 
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seats  and  a  polite  solicitor  help  greatly  in  gaining  business. 
A  small  company  can  combine  a  collection  and  display  depart- 
ment. 


We  are  also  street-railway  operators.  This  small  exhibit- 
room  is  about  twenty-five  feet  square  and  occupies  the  rear 
of  our  street-railway  waiting-room.  The  illustration  shows 
Christmas  decorations  in  place,  to  show  Christmas-tree  light- 
ing outfits.  The  two  columns  inside  the  arch  are  removable 
and  fitted  with  cord  and  plugs,  so  that  they  can  be  taken  into 
any  house  or  building  for  decorative  purposes.  The  phrase 
"Enlightened  Lighting"  we  run  in  all  advertising  matter,  keep- 
ing it  up  until  when  one  mentions  or  hears  the  phrase  he  knows 
its  electric  lighting.  Some  little  circulars  illustrate  that  point. 
I  do  all  advertising  myself.  James  W.  Cartwright. 
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If  well  preceded  and  backed  up  by  good  work,  this  ought 
to  be  a  good  scheme.  Augusta  Ry.  and  Elec.  Co. 

Every  live  central  station  should  have  some  system  of  dis- 
playing standard  and  new  appliances.  Ofttimes  a  customer  is 
made  by  becoming  interested  in  some  little  convenience  stich  as 
a  curling-iron  heater  or  an  inexpensive  portable  lamp.  Small 
stations  could  adopt  the  plan  of  a  yearly  display  to  advantage 
where  a  permanent  display  would  not  be  practicable.  Manu- 
facturers would  gladly  loan  articles  for  the  purpose.  Space 
could  be  arranged  for  in  some  conveniently  located  store-room 
in  the  centre  of  the  business  district;  a  show-window  for 
instance,  could  be  utilized,  and  the  display  advertised  in  the  local 
paper.  D.  H.  Howard. 

Better  have  one  customers'  or  reception-room  set  apart 
where  all  customers  will  come  for  the  payment  of  bills,  making 
inquiries,  signing  contracts,  or  what  not,  and  keep  a  timely 
display  of  the  applications  of  electric  current. 

Douglass  Burnett. 

The  company  that  the  writer  represents  is  convinced  that 
display  departments  are  decidedly  advantageous.  It  has  been 
found  that  most  of  the  apparatus  will  be  cheerfully  furnished 
on  consignment  by  the  manufacturing  companies,  and  the 
existence  of  it  affords  an  opportunity  to  bring  the  customer 
to  the  office  of  the  company  and  interest  him. 

John  F.  Gilchrist. 

CONTRACTS  AND  RATES 

W  1.  What  is  the  remedy  for  customers  using  too  much 
light  on  flat  rate,  the  town  being  too  small  for  meter  service  t 

If  the  town  is  too  small  for  meters,  quit  the  business. 

Elbert  D.  Kelley. 

The  writer  thinks  that  there  is  no  practical  remedy,  except 
a  meter.  F.  S.  C,  Malden  Elec.  Co. 
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There  are  on  the  market  one  or  two  devices  that  can  be 
set  to  allow  a  certain  amount  of  current  to  pass  through  them 
without  interruption,  but  which  cause  the  lights  to  flicker  if 
the  established  amount  is  exceeded.  While  we  have  never 
tried  them,  it  would  seem  that  they  could  be  of  much  service 
under  the  circumstances  named.  Geo.  B.  Lauder. 

I  do  not  think  any  town  is  too  small  for  meter  service.  I 
believe  the  flat-rate  system  is  thoroughly  bad. 

A.  J.  Campbell. 

If  there  is  a  remedy,  we  never  heard  of  one,  except  the 
meter  itself.  Various  methods  of  charging  have  been  tried,  but 
with  little  success,  and  appliances  to  prevent  people  from  burn- 
ing more  lights  than  they  pay  for  have  been  used  from  time 
to  time,  but  the  small  difference  between  the  cost  of  these  and 
cost  of  meters  leaves  everything  in  favor  of  the  meter.  If  a 
town  is  large  enough  to  justify  an  electric  light  plant,  it  surely 
should  be  large  enough  to  justify  a  meter  system — for  the  rea- 
son that  if  all  lights  are  on  a  meter  basis,  you  can  furnish  cur- 
rent to  consumers  having  looo  connected  lights  with  about 
25  per  cent  less  machine  ojpacity  than  you  could  where  flat  rate 
rjules.  By  this,  I  do  not  mean  1000  business  or  store  lights, 
but  simply  the  general  average  of  store  and  residence  lighting 
in  any  town.  Chas.  H.  Peters. 

Install  meters.  Meters  should  be  used  even  in  the  smallest 
plants.  F.  Ellwood  Smith. 

No  town  is  too  small  for  meters.  L.  E.  Watson. 

Install  recording  wattmeters  on  such  customers'  lines,  and 
make  a  charge  for  all  current  used  over  and  above  a  certain 
amount.  A.  R.  MacKinnon. 

Inherent  weakness  of  flat-rate  system  which  can  not  be 
regulated.  G.  Wilbur  Hubley. 

All  lighting  should  be  done  by  meter. 

Andrew  F.  Hall. 
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It  does  not  seem  as  if  any  town  could  be  too  small  for  a 
meter  service.  If  such  is  the  case,  the  cheapest  way  to  better 
the  conditions  would  be  to  charge  the  flat-rate  customers  for 
their  lamp  renewals.  K.  L.  W. 

No  town  is  too  small  for  the  meter  system  nor  is  any  installa- 
tion too  small  to  be  metered.  E.  A.  Bechstein. 


If  a  party  uses  too  much  current  on  a  flat  rate,  there  is 
only  one  way  to  do.  Either  insist  upon  a  meter  basis  or  that 
he  reduce  the  consumption.  It  is  always  better  to  insist  upon 
a  meter  being  installed  as  a  g^ide,  and  in  this  manner  it  can 
be  determined  whether  or  not  the  light  is  in  excess  of  the  con- 
tract conditions.  Where  it  is^  either  adjust  on  a  basis  of  a 
larger  amount  or  insist  that  meter  service  be  used  entirely. 

C.  A.  L.,  N.  Y.  Ed.  Co. 

Careful  checking  up. 

Augusta  Ry.  and  Elec  Co. 

Put  in  meters;  there  is  no  town  too  small  for  this  service. 

R.  V.  West. 


No  town  is  too  small  for  a  meter  service.  It  is  just  as 
unreasonable  to  sell  current  by  flat  rate  where  the  consump- 
tion of  current  is  left  entirely  to  the  discretion  of  the  customer 
as  it  would  be  for  a  man  to  purchase  his  yearly  supply  of  dry 
goods  at  a  flat  rate,  regardless  of  how  much  he  might  expect 
to  use.  .  F.  G.  Proutt. 


Increase  your  flat  rate,  or  install  meters. 

Douglass  Burnett. 

Install  the  Lacey  autcmiatic  controller. 

C.  M.  Wright. 
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W  2.    What  is  the  best  and  most  practical  way  of 
from  flat  to  meter  rates;  also  the  most  favorable  time  for  making^ 
such  change  T 

Maintain  a  high  flat  rate,  and  in  the  spring  or  early  summer 
when  nights  are  getting  short,  install  a  meter  and  show  the 
customer  what  he  consumes  each  month;  then  fix  a  price  for 
deposit  for  use  of  each  meter,  to  be  refunded  when  meter  is  sur- 
rendered.   This  will  make  a  permanently  satisfactory  customer. 

Elbert  D.  Kelley. 

The  most  favorable  time  for  making  change  is  in  the  spring. 

F.  C.  S.,  Malden  Elec.  Co. 

The  first  thing  to  do  is  to  determine  in  your  mind  what 
your  meter  rates  are  to  be.  It  is  important  that  rates  fair 
to  company  and  consumer  be  established  and  then  adhered  to, 
as  a  vacillating  policy  is  undesirable.  When  ready  to  do  so, 
notify  all  your  customers  that  the  change  will  be  made  and  state 
good  reasons  for  making  it.  We  made  the  change  about  eight 
years  ago  and  selected  the  month  of  May  in  which  to  make  it. 
If  the  question  means  to  ask  what  are  the  mechanical  details 
of  making  the  change  in  each  place  where  the  service  enters 
it  would  require  some  study  of  the  local  conditions  to  answer. 

Geo.  B.  Lauder. 

One  way,  and  about  the  only  way  known  to  the  writer, 
to  change  from  a  flat  rate  to  a  meter  basis,  is  to  simply  make 
the  change  and  carry  it  out  with  every  customer.  Make  the 
announcement  in  a  quiet  way  that  hereafter  everything  will  be 
on  a  meter  basis.  April  is  a  good  time  of  year  to  make  the 
change.  During  the  first  few  months  it  may  be  necessary  to 
use  a  little  tact  and  diplomacy  and  to  give  some  good-sized 
rebates  from  bills,  explaining  to  the  customers  in  the  individual 
cases  that  you  do  it  because  of  their  lack  of  experience  in  using 
light  on  a  meter  basis  and  you  do  not  wish  them  to  suflFer  a 
loss  while  adjusting  themselves  to  the  changed  conditions.  You 
may  lose  a  few  customers.  All  friction  and  trouble  should  pass 
oflf  inside  of  three  of  four  months.  A.  J.  Campbell. 
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In  changing  from  flat  to  meter  rate  it  should  be  explained 
to  the  customer  that  it  is  to  his  advantage  to  be  on  a  meter 
basis,  as  he  can  then  install  the  lights  where  he  does  not  expect 
to  use  them  enough  to  afford  to  pay  the  regular  flat  rate,  as 
it  will  cost  him  for  only  the  current  consumed.  Also  explain 
that  on  such  a  basis  very  one  pays  for  what  he  gets  and  is  not 
called  on  to  help  pay  for  the  service  other  people,  who  are 
abusing  the  service  by  allowing  the  light  to  bum  when  they 
are  not  needed,  are  getting. 

Or  if  it  is  a  party  who  has  been  taking  unfair  advantage 
of  the  flat  rate,  simply  put  him  on  a  meter  and  tell  him  it  is 
a  case  of  taking  it  on  a  meter  or  not  having  it  at  all.  We  have 
always  aimed  to  make  changes  in  the  siunmer  time,  so  that  the 
bills  will  be  lighter  for  a  while  than  when  they  were  on  a  flat 
rate,  as  customers  will  then  see  that  on  a  meter  basis  the  cost 
will  perhaps  average  the  same;  while  if  the  change  is  made 
in  the  winter  one  will  have  lots  of  trouble  in  convincing  the 
customer  that  his  light  is  not  going  to  cost  far  more  than  it 
has  been  costing  before.  F.  L.  Williamson  &  Co. 

Notify  the  customer  at  the  expiration  of  his  contract  that 
it  will  not  be  renewed  on  a  flat-rate  basis,  and  preferably  in  the 
spring  of  the  year,  when  the  bills  are  getting  lighter  all  the 
time.  G.  B.  Leland. 

The  best  and  most  practical  way  of  changing  from  flat  to 
meter  basis  is,  in  my  judgment,  a  form  of  ballot.  Send  to  every 
customer  a  printed  letter  to  the  effect  that  it  is  the  desire  of  the 
company  to  make  either  the  meter  or  flat-rate  system  standard 
throughout,  but  before  doing  so,  it  wishes  to  consult  all  its  patrons 
and  therefore  asks  them  to  express  their  wish  by  scratching 
out  one  or  the  other  system  named,  the  one  not  scratched  being 
the  one  approved.  A  lo  or  20  per  cent  majority  in  favor  of 
one  system  will  be  considered  conclusive.  Of  course  a  brief 
outline  of  the  advantages  of  meter  system  should  be  given,  and 
a  sliding  scale  promised,  which  would  make  a  cheap  rate  per 
kilowatt-hour  to  heavy  consumers.  The  most  favorable  time 
to  make  such  a  change  is  in  the  spring,  when  bills  begin  to 
decrease.  As  a  potent  factor  in  domestic  economy,  the  meter 
is  not  sufficiently  appreciated  by  the  average  household.     In  a 
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clear,  earnest,  and  persistent  way,  it  teaches  the  folly  of  extrava- 
gance, and  seldom  fails  to  imprest  upon  those  who  become 
acquainted  with  it,  that  "Economy  is  the  road  to  wealth/' 

Chas.  H.  Peters. 

Install  meters  in  April  or  May.  F.  Ellwood  Smith. 

Make  the  change  in  the  spring  and  tell  your  customers  to 
be  careful  or  their  bill  will  be  larger;  the  result  will  be  that 
very  often  their  bill  is  smaller  and  they  will  tell  their  neighbor. 

L.  E.  Watson. 

Install  your  meters  and  guarantee  the  customer  that  the 
meter  bill  for,  say,  three  months  will  not  exceed  his  old  flat- 
rate  bill.  This  will  enable  him  to  learn  how  to  use  a  meter 
and  should  preferably  be  done  during  the  summer  months 

A.  R.  MacKinnon. 

Change,  if  possible,  in  May  or  June. 

Andrew  F.  Hall. 

Change  over  during  the  summer  months.  A.  Peters. 

Do  it  1  Select  March  or  April  for  the  change.  Gross  earn- 
ings may  suffer  for  a  month  or  two,  but  the  chances  are  that 
they  will  recover  quickly.  If  it  is  possible  to  advertise  a  reduced 
rate  at  the  time  of  change,  new  business  will  come  in  in  excess 
of  the  shrinkage  from  the  old.  Here  is  an  example  of  what 
it  will  do  for  you  in  changing  from  flat  rate  to  meter. 

The  example  is  a  hotel  in  Bangor,  Maine : 

Kw-hour  ConBumptiofi  Flat  Ra;e  Kw'hour  Consumption  Meter 

Year  190a  Year  1903 


8755 

February 

4507 

9«7a 

March 

4987 

9492 

April 

4387 

7246 

May 

3732 

8338 

June 

4104 

9082 

July 

3313 

The  monthly  charges  in  1902  and  1903  footed  up  about  the 
same  total.  J.  W.  Cartwright,  Jr. 
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The  only  practical  way  known  to  the  writer  to  change  from 
flat  to  meter  rates  is  to  change.  The  experience  of  the  larger 
companies  has  taught  that  the  best  time  for  change  has  been  in 
the  spring  when  the  consumption  is  naturally  going  down.  This 
is  done  in  order  to  prevent,  as  much  as  possible,  complaints  from 
the  old  flat-rate  customers,  who  have  been  burning  light  regard- 
less. It  would  also  give  your  customer  time,  during  the  summer 
months  to  begin  to  economize  for  the  fall  and  winter,  so  that 
he  will  not  have  such  wide  discrepancies  between  the  old  flat-rate 
price  and  his  winter  meter  rate.  K.  L.  W. 

Where  it  is  desired  to  change  a  number  of  customers  over 
from  a  flat  to  a  meter  basis,  it  is  well,  if  the  number  of  changes 
is  more  than  can  be  handled  within  a  few  days,  to  have  a  regular 
series  of  notices  sent  to  the  customers,  and  the  written  notices 
followed  by  a  call  from  a  company  representative.  We  have 
found  it  better  always  to  give  notice  in  advance  of  a  desire  to 
make  such  a  change  and  then  to  have  the  written  notice  followed 
promptly  by  a  call.  It  would  seem  better  to  make  the  change  at 
a  time  of  the  year  when  the  bills  of  the  customer  are  lightest,  but 
if  the  company  has  at  its  disposal  a  series  of  meter  readings  that 
can  be  used  as  a  basis,  it  is  well  to  have  thes6  on  hand  and  then 
to  go  over  with  the  customer  the  diflFerence  in  price  between  the 
flat  rate  and  what  it  would  be  under  a  meter  basis. 

C.  A.  L.,  N.  Y.  Ed.  Co. 

Spring  or  summer.  Augusta  Ry.  and  Elec  Co. 

Convince  your  customers  that  they  do  not  require  the  light 
that  they  are  wasting;  adopt  a  meter  basis  that  will  encourage 
long-hour  service,  and  make  the  change  in  the  spring. 

Douglass  Burnett. 

Get  after  your  consumers  in  the  short  lighting  season ;  take 
May  or  June.  R.  V.  West. 

Send  a  solicitor  to  see  each  consumer  in  person.  This  man 
should  be  well  posted  on  central-station  operation  and  costs,  and 
can  easily  convince  the  consumer  of  the  necessity  of  such  a  change. 
In  the  spring  is  the  most  favorable  time,  as  consumer  readily 
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appreciates  that  he  will  gain  during  the  summer  months  in  the 
change.  If  change  is  made  during  winter  months,  he  has  high 
bills  staring  him  in  the  face  at  the  outset.  Geo.  N.  Tidd. 

W  8.  Has  the  legality  of  the  ordinary  lighting  contract 
been  tested,  and  with  what  resnltsT 

A  company  should  not,  except  in  very  rare  instances,  attempt 
to  enforce  its  contracts  by  process  of  law.  The  contract  should 
be  a  simple  and  distinct  understanding  between  the  parties  thereto, 
and  it  should  be  flexible  enough  so  that  should  unforeseen  circum- 
stances arise,  beyond  the  control  of  either  of  the  parties,  there 
might  be  some  method  of  arriving  at  a  proper  agreement  without 
going  to  law.  F.  G.  Proutt. 

The  ordinary  lighting  contract  is  a  very  variable  proposition. 
It  is  better  to  have  a  simple  form  of  contract  with  a  few  sentences 
than  to  go  into  details,  many  of  which  it  will  be  impossible  or 
undesirable  to  adhere  to.  Douglass  Burnett. 

Under  ordinary  conditions  the  lighting  contract  is  not  of 
very  great  value  beyond  its  moral  effect.  Clauses  as  to  waiving 
liability  in  case  of  high  potential  coming  into  houses  have  been 
overruled,  and  attorneys,  as  a  rule,  decline  to  try  out  guaranteed 
bills  when  service  is  not  rendered.  Geo.  N.  Tidd. 

W  4.  Can  any  information  be  given  relative  to  a  system 
of  charging  without  contract?  Is  it  possible  to  hold  customers 
without  requiring  a  contract  to  be  executed  for  a  period  of  at 
least  one  year? 

Since  the  ordinary  lighting  contract  has  only  a  moral  effect, 
it  seems  that  the  customer  will  stay  on  your  books  provided  you 
give  good  service  and  make   reasonable  charges. 

J.  W.  Cartwright,  Jr. 

Make  the  usual  term  one  year,  and  have  it  understood  that 
in  the  event  of  removal,  or  for  such  other  reason  as  may  posi- 
tively prevent  the  customer  from  using  the  service,  the  contract 
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may  be  canceled  at  his  wish.  Make  temporary  contracts  for 
building  construction,  for  convention  displays,  and  for  summer 
fan  or  lighting  business.  Douglass  Burnett. 


It  is  questionable  whether  or  not  it  is  desirable,  even  if  pos- 
sible, to  undertake  to  hold  a  customer  who  discontinues  the  use 
of  current  before  his  year  is  up,  even  where  there  is  a  contract, 
as  the  courts  would  require  the  company  to  prove  damages.  It 
could  do  this  only  by  bringing  its  books  into  court,  and  the 
resulting  newspaper  outcry  over  the  apparent  profits  shown  would 
do  much  more  harm  than  the  comparatively  small  amount  of 
damages  obtained.  H.  T.  Hartman. 

It  is  difficult  to  understand  how  persons  can  charge  for 
service  except  a  contract  be  made.  It  is  always  well  to  insist 
upon  a  contract  being  executed,  and  that  the  charge  be  made 
in  accordance  with  the  terms  of  the  contract.  Special  contracts 
are  always  troublesome,  for  they  will  involve  one  customer  with 
another;  but  should  a  party  desire  to  use  service  without  a  con- 
tract it  can  easily  be  explained  that  there  will  be  no  basis  of 
charge,  and  questioning  may  therefore  arise  as  to  the  proper 
method  of  charging.  We  therefore  always  insist  upon  a  contract, 
and  unless  good  cause  can  be  given  otherwise,  we  ask  that  a 
contract  be  made  for  the  period  of  one  year. 

C.  A.  L.,  N.  Y.  Ed.  Co. 

W  5.  Are  not  public  service  corporations  supplying  elec- 
tricity equally  liable  with  railroads,  etc.,  to  chains  of  discrimi- 
nation if  their  scale  of  rates  or  the  discounts  allowed  depend 
upon  the  quantity  of  current  delivered?  If  the  size  of  the 
installation  to  be  served  is  taken  into  consideration  in  connection 
with  the  sliding  scale  mentioned  in  the  above  question,  can  the 
sliding  scale  be  justified? 

A  sliding  scale  of  discotmts  for  very  large  consumption  can 
be  justified  by  decreased  cost  of  distribution.  Discounts  for  in- 
creased average  daily  use  per  lamp  are  certainly  justified  by  the 
greater  economy  of  operation  of  your  station  under  such  a  load ; 
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by  the  fact  that  the  customer  increasing  his  average  use  gets  his 
increase  at  a  time  outside  of  peak  hours ;  and  by  the  fact  that  your 
fixed  charges  are  distributed  over  all  of  the  hours  of  use. 

Douglass  Burnett. 


The  railroad  rates  are  regulated  by  the  Interstate  Commerce 
Commission,  a  body  appointed  under  United  States  laws.  They 
are  also  regulated  to  some  extent  by  similar  State  commissions. 

An  electric  light  company  is  more  strictly  under  municipal 
regulation,  although  equally  liable  under  State  or  national  laws. 
At  present  we  know  of  no  law  that  forbids  discrimination  in 
rates  depending  on  the  quantity  of  current  delivered,  but  there 
is  no  doubt  that  we  are  liable  to  have  legislation  that  will  cover 
this  very  point.  H.  T.  Hartman. 

An  electric  light  company  offering  a  system  of  rates  that 
makes  each  customer's  bill  bear  the  same  fixed  proportion  to  the 
cost  of  supplying  him,  will  be  in  the  best  position  to  meet  charges 
of  discrimination. 

A  company  can  approach  such  a  system  much  more  closely 
with  a  sliding  scale  based  on  the  ratio  of  consumption  to  size  of 
installation  than  it  can  by  a  flat  rate  per  kilowatt-hour  with  dis- 
counts for  quantity.  It  is  better,  however,  to  base  the  sliding  scale 
on  the  ratio  of  consumption  to  maximum  demand  rather  than  to 
size  of  installation,  as  it  is  the  maximum  demand  and  not  the  size 
of  installation  that  determines  the  station  investment. 

It  is  also  difficult  to  ascertain  the  size  of  installation,  that 
is,  the  connected  load,  without  intruding  on  a  customer's  premises 
in  the  first  place  and  spying  on  him  afterward.  The  maximum 
demand  can  easily  be  measured  by  an  indicator. 

J.  S.  CODMAN. 

W  6.  Is  it  a  good  plan  to  have  the  fixed  charge  per  kilowatt- 
honr  for  all  meter  customers  and  then  give  discounts  for  payments 
at  the  office  before  a  certain  date,  the  discount  to  vary  with  the 
amount  of  customers'  consumption? 

We  find  it  simplifies  accounting  and  brings  customers  into 
the  office,  where  they  get  acquainted  with  the  management  and 
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can  see  any  new  lamps  or  appliances  that  are  out;  it  also  does 
away  with  cdlectors'  services. 

The  Home  Elec.  Lt.  and  Steam  Htg.  Co. 

Yes.  Fred  B.  Sharpe. 

A  discount  for  payment  of  accounts  at  the  office  by  the  fifth 
of  each  month  is  a  good  plan. 

Bills  should  not  be  discounted  according  to  amount  of  cur- 
rent consumed  except  that  the  connected  load  be  considered.  A 
customer  with  five  lights  burning  four  hours  per  day  should  pay 
the  same  rate  per  kw-hour  as  a  customer  with  25  lights  burn- 
ing four  hours  per  day.  Discount  according  to  hours'  service 
per  day  per  unit  of  connected  load.  Elbert  D.  Kelley. 

Yes.  F.  C.  S.,  Malden  Elec.  Co. 

It  is  advisable  to  give  a  discount  for  prompt  payment. 

Geo.  B.  Lauder. 

Yes.  Andrew  F.  Hall. 

Personally,  I  think  that  a  cash  discount  for  prompt  payments 
is  a  desirable  thing.  F.  Ellwood  Smith. 

Yes.  By  making  a  standard  base  rate  you  put  every  con* 
sumer  on  the  same  footing,  and  eliminate  much  trouble  for  your- 
self. Then  make  no  secret  of  the  fact  that  the  large  consumer 
gets  the  advantage  of  larger  discounts,  and  tell  all  that  they  are 
entitled  to  the  same  when  their  consumption  reaches  the  proper 
point. 

The  time  limit  works  advantageously  because  it  makes  it 
easier  to  get  the  money,  and  if  you  have  to  wait  and  run  after  it, 
the  penalty  is  lawful.  R.  Louis  Lloyd. 

Discounts  for  payment  before  a  certain  date  cause  much  dis- 
satisfaction when  tender  of  payment  is  made  a  day  or  two  after 
expiration  of  the  discount  period.  Better  see  that  your  cus- 
tomers have  good  credit  or  make  a  deposit,  and  then  do  away 

V.  2 — 29 
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with  the  cash  discount.  The  so-called  cash  discounts  of  five  or 
10  per  cent  offered  by  electric  companies  are  not  warranted  in 
ordinary  mercantile  practice.  Douglass  Burnett. 

We  fear  the  discounts  would  be  too  large  and  would  make 
trouble.  Augusta  Ry.  and  Elec.  Co. 

It  is  well  to  make  out  bills  at  a  fixed  charge  to  all  customers 
and  give  a  discount  at  the  office  if  paid  before  a  certain  date  in 
the  month.  C.  W.  Koiner. 

No;  for  the  reason  that  the  rates  will  overlap,  and  one  cus- 
tomer may  have  to  pay  more  money  for  less  consumption  than 
another.  Further,  with  this  kind  of  rate  necessitating  large  dis- 
counts to  the  large  customers,  it  is  practically  impossible  to 
penalize  non-payment  by  any  certain  date  by  withholding  the  dis- 
count. A  better  way  is  to  make  a  sliding  rate  with  a  certain  dis- 
count, say  10  per  cent,  for  prompt  payment.  We  have  changed 
our  rate  from  one  having  a  straight  rate  with  sliding  discounts 
to  one  having  a  sliding  rate  with  a  10  per  cent  discount,  pay- 
ment in  ten  days,  and  have  found  same  much  simpler  and  more 
satisfactory  generally.  The  sliding  scale  satisfies  the  customer 
and  the  cash  discount  has  a  wonderful  effect  on  the  collections. 

S,  R.  Inch. 

No.  Vary  the  charge  per  kilowatt-hour  according  to  the 
amount  used,  and  give  a  fixed  discount — say  10  per  cent  for  cash 
— payable  before  a  certain  date.  With  a  fixed  kilowatt-hour 
charge  and  large  discounts  to  large  consumers,  it  is  difficult  to 
enforce  payments  before  date  of  discount  limit,  and  an  attempt 
to  collect  at  list  price  after  this  date  is  likely  to  cause  trouble. 

R.  V.  West. 

W  7.  At  what  price  must  electricity  be  furnished  per  kil- 
owatt-honr  to  compete  with  natural  gas  at  27  cents  per  1000,  for 
power  purpose? 

(Answers  to  this  question  will  be  read  in  executive  session.) 
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W  8.  With  gas  at  $1.25  for  heating  and  $1.50  for  lighting, 
what  are  the  best  rates  that  can  be  obtained  for  electric  lighting? 
Both  gas  and  electric  companies  nnder  the  same  management. 

With  gas  rate  of  $1.50  per  1000  feet,  electric  light  should 
compete  at  rate  of  15  cents  per  kilowatt-hour. 

G.  Wilbur  Hubley. 

Start  with  current  at  20  cents  per  kilowatt-hour,  if  a  new 
company.  If  an  old  company,  your  rates  will  depend  upon  prec- 
edent and  the  propriety  of  your  schedules  will  be  subjected  to  a 
great  diversity  of  opinion.  Douglass  Burnett. 

From  nine  to  twelve  cents.  C.  W.  Koiner. 

This  greatly  depends  on  the  community  in  which  you  are 
transacting  your  business,  as  there  are  some  classes  of  people 
who  consider  dollars  and  cents  only,  regardless  of  the  quality  of 
light.  I  should  say,  however,  an  average  of  from  10  to  11  cents 
per  kilowatt-hour  for  lighting.  C.  M.  Wright. 

W  9.  For  a  town  of  20,000  inhabitants,  which  is  the  most 
satisfactory  way  of  selling  current;  at  an  average  rate  of  ten  cents 
per  kilowatt-honr  or  on  a  sliding  scale,  7  to  15  cents,  according  to 
consumption? 

This  question  can  be  answered  readily  enough  by  saying  that 
neither  rate  will  work  out  correctly ;  but  it  is  another  proposition 
to  lay  down  a  rate  that  will,  as  there  are  almost  as  many  different 
ideas  on  this  subject  as  there  are  station  managers.  We  propose 
to  establish  a  sliding-scale  rate,  20  cents  to  4  cents,  and  in  addi- 
tion to  the  meter  rates  we  shall  charge  a  base  rate  of  10  cents 
per  16  candle-power,  or  equivalent,  for  all  lights  connected,  this 
lo-cent  rate  to  cover  fixed  charges  for  service  connection.  The 
meter  rate  will  be  subject  to  a  25  per  cent  discount  if  bills  are 
paid  on  or  before  the  tenth  of  the  month.  A  customer's  rate  will 
be  established,  not  according  to  the  kilowatt-hours  burned,  only, 
tut  the  kilowatt-hours  burned  taken  in  connection  with  the  number 
of  hours  his  entire  load  is  connected  will  establish  this  rate. 

F.  N.  AVERILL. 
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By  all  means  sell  current  on  a  sliding  scale  in  a  town  of  the 
size  named.  Chas.  H.  Peters. 

From  a  commercial  point  of  view  I  believe  in  a  sliding  scale 
and  prices  to  fit  the  conditions  under  which  the  current  is  used, 
as  some  business  is  particularly  desirable  and  should  be  sought 
by  advantageous  rates.  Geo.  B.  Lauder. 

Sliding  scale.  It  is  better  to  have  a  standard  established 
rate  than  to  try  to  make  special  contracts.  Special  contracts  are 
very  apt  to  cause  trouble  sooner  or  later.     F.  Ellwood  Smith. 

Fifteen  cents  and  discount  of  five  to  50  per  cent. 

Andrew  F.  Hall. 

Have  found  that  some  one  of  the  capacity  systems  of  charging 
results  in  the  most  satisfactory  relations  with  the  customers.  We 
charge  16  cents  for  the  first  hour's  use  per  lamp  installed  and 
six  cents  for  all  subsequent  current  used. 

J.  W.  Cartwright,  Jr. 

We  find  the  sliding  scale  most  convenient  and  satisfactory. 

Augusta  Ry.  and  Elec.  Co. 

Seven  to  15  cents  per  kilowatt-hour.  R.  V.  West. 

For  long-hour  consumers  give  a  sliding-scale  basis  on  hours' 
use  of  capacity  installed  or  hours'  use  of  demand  load.  It  is  not 
satisfactory  to  give  a  standard  rate  of  10  cents,  as  it  will  be  high 
for  long-hour  consumers  and  too  low  for  short-hour.  The  Wright 
demand  with  various  modifications  would  probably  solve  the 
problem.  Geo.  N.  Tidd. 

W  10.  Is  it  better  to  tend  as  mucli  as  possible  toward  open 
rates  applicable  to  all  who  come  within  specified  classes  as  re- 
gards consumption  of  current,  etc.,  or  to  make  special  rates  and 
contracts  with  individuals,  based  on  individual  requirements  ? 

The  first  is  much  preferable.  The  writer  thinks  special  rates 
and  contracts,  when  based  on  individual  requirements,  cause  a 
great  deal  of  controversy.  F.  C.  S.,  Malden  Elec.  Co. 
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It  seems  better  to  make  open  rates  and  adhere  to  them,  as 
a  general  proposition ;  there  are,  however,  individual  cases  which 
should  be  treated  as  such,  and  if  the  requirements  are  such  that 
the  service  is  especially  desirable  it  should  receive  special  con- 
sideration. Geo.  B.  Lauder. 

We  think  it  better  to  use  an  open  and  published  rate  to  aH 
consumers  wherever  possible,  as  the  assurance  to  a  consumer,  or 
possible  consumer,  that  his  rates  will  be  exactly  the  same  as  all 
others  in  his  class  satisfies  him  that  his  competitor  in  business 
is  not  gaining  any  undue  advantage  over  him,  and  goes  a  long 
way  to  prevent  his  constantly  trying  to  obtain  a  lower  rate. 

J.  S.  Whitaker. 

It  is  better  to  use  open  rates  applicable  to  all,  so  that  no 
charges  of  discrimination  can  be  rightfully  brought  against  the 
company.  A.  R.  MacKinnon. 

Special  rates  to  individual  parties,  based  on  special  condi- 
tions of  their  requirements,  are  the  most  equitable. 

G.  Wilbur  Hubley. 

One  rate  to  all  pleases  the  customer  best. 

J.  W.  Cartwright,  Jr. 

This  question  is  somewhat  involved,  in  the  same  way  as  in 
question  W  4.  It  is  preferable  to  have  a  uniform  basis  of  charge, 
and  to  bill  everybody  on  this  basis,  rather  than  to  have  special 
contracts  for  individual  cases.  Where  special  contracts  are  made, 
the  company  becomes  involved,  one  customer  with  another,  and 
then  ccMnes  the  difficulty  of  explaining  why  a  rate  given  to  one 
v.as  not  made  to  the  other.  Have  the  several  rates  divided,  as 
between  retail  and  wholesale,  but  where  the  rate  is  decided  on 
make  it  universal  for  all  customers  coming  within  that  class. 

C.  A.  L.,  N.  Y.  Ed.  Co. 

Our  rates  are  open,  and  are  the  same  to  all. 

Augusta  Ry.  and  Elec.  Co. 

It  is  better  to  subdivide  the  business  into  various  classes  and 
treat  all  who  come  under  any  of  the  classes  in  exactly  the  same 
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way,  because  any  special  rate  made  to  an  individual  will  soon  be 
known  by  other  customers,  with  very  unsatisfactory  results  to  the 
company.  F.  G.  Proutt. 


Speaking  for  the  company  that  I  represent,  we  believe  in 
rates  that  shall  be  open  to  all  comers,  simplifying  the  classes  as 
far  as  possible.  John  F.  Gilchrist. 

Make  various  schedules  to  take  into  account  load  factor  and 
average  daily  use  of  the  load,  as  well  as  time  of  the  use  of  the  load, 
and  the  cost  of  equipment  and  renewals;  take  into  account  all 
possible  conditions.  Avoid  as  far  as  possible  making  any  special 
rates,  except  in  cases  of  your  largest  customers. 

Douglass  Burnett. 

W  11.  Has  any  one  found  any  legitimate  objection  to  the 
t3f8tem  of  charging  for  electric  current  known  as  the  ''Doherty 
Bate/'  as  presented  to  the  Cincinnati  meeting  in  1902? 

Too  complicated  to  be  understood  by  most  of  your  customers ; 
and  they  will  object  to  the  capacity  charge.  Better  fix  a  dif- 
ferent price  for  each  of  several  amounts  of  average  daily  use. 

Douglass  Burnett. 

W  12.  Should  motors  of  all  sizes  get  the  same  discount 
for  the  same  hours'  service? 

No;  small  motors  should  pay  a  higher  rate  than  large  ones. 
Small  motors  compete  with  gasolene  and  gas  engines  only,  while 
large  ones  compete  with  steam. 

Below  I  give  a  motor-service  rate  just  adopted  by  several 
plants  in  Central  Texas,  known  as  the  "Kelley  rate.''  It  is  ap- 
plicable to  intermittent  or  constant  service,  or  to  large  or  small 
motors. 

First    lOO  kw-hours  at  lo  cents  per  kiv-hour 

Next    20O        '*          or  fraction  at    8     " 

'*       300        *•  *•          at    6     *' 

**       500        *•  **          at    4     *•       **          " 

*'    1,000        •*  **          at  3.5  *' 
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The  remainder  at  three  cents  per  kilowatt-hour. 

This  rate  can  be  adjusted  to  suit  different  costs  of  produc- 
tion in  different  localities  by  changing  the  price  per  kilowatt-hour 
in  ^ach  step.  EIlbert  D.  Kelley. 

Theoretically,  yes;  but  in  practice  under  the  capacity  system 
have  found  that  everything  under  lo  horse-power  will  stand  one 
rate,  and  all  over  that  size  require  another. 

J.  W.  Cartwright,  Jr. 

With  reservations,  the  answer  would  be,  yes.  Long-hour 
business  is  the  best,  be  it  two  horse-power  or  fifty,  one  light  or 
a  hundred.  The  consumer  who  uses  his  maximum  demand  for 
the  longest  number  of  hours  is  returning  to  the  central  station 
the  greatest  interest  on  its  investment  for  that  particular  cus- 
tomer, consequently  he  should  be  treated  better  than  the  cus- 
tomer who  ties  up  a  large  capacity  and  uses  it  but  seldom,  and 
especially  at  the  peak.  R.  Louis  Lloyd. 

Our  practice  is  to  make  a  charge  for  power  service  irre- 
spective of  the  size  of  the  installation.  We  give  a  monthly  dis- 
count proportional  to  the  quantity  used,  but  make  no  average 
hourly  use  of  the  motor  installation.  This  plan  has  seemed  to  be 
more  satisfactory  than  to  adapt  a  special  price  for  special  power 
installation.  C.  A.  L.,  N.  Y.  Ed.  Co. 

In  a  general  way,  yes.  Douglass  Burnett. 

Theoretically,  no;  but  practically  we  find  it  to  work  best  to 
give  discount  according  to  consumption. 

Augusta  Ry.  and  Elec.  Co. 

In  the  opinion  of  the  writer  they  should  not,  because  larger 
motors  will  naturally  consume  more  kilowatt-hours  of  energy. 
At  the  same  time,  the  factor  of  hours  of  service  should  be  the 
greatest  one  in  the  establishment  of  the  rate,  and  the  difference 
in  rates  purely  for  quantity  should  be  the  lesser — only  sufficient 
for  the  saving  in  general  expense  that  will  result  from  having 
one  customer  as  against  several  small  ones. 

John  F.  Gilchrist. 
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W  13.  Should  not  the  small  consumer  that  bums  his  light 
from  sun  to  sun  be  entitled  to  a  meter  rate  nearly  as  low,  if 
not  quite^  as  the  large  consumer  that  uses  only  a  portion  of  his 
lights  all  night,  but  uses  the  full  capacity  during  the  peak? 

Yes.  F.  Ellwood  Smith.  . 

It  lcx)ks  like  a  fair  proposition  that  not  only  the  consumer 
who  burns  from  "sun  to  sun,"  but  all  consumers  who  burn 
during  that  time,  should  have  a  rate  much  below  that  charged 
for  peak  lighting.  W.  P.  Hazeltine. 

We  think  the  consumer  burning  the  greatest  number  of 
hours  per  lamp  connected  per  month  is  in  justice  entitled  to  the 
lowest  rate,  for  at  that  low  rate  he  is  undoubtedly  the  most  profit- 
able customer  to  the  central  station.  J.  S.  Whitaker. 

A  customer  who  uses  a  given  amount  continuously  is  the 
most  desirable  of  customers  and  should  be  encouraged  in  every 
legitimate  way.  Geo.  B.  Lauder. 

Give  your  small  commercial  consumer  who  burns  long  hours 
a  two-rate  contract,  which  provides  that  the  consumer  pays  for 
electric  current  for  an  average  use  of  60  hours  per  month  of  the 
lamps  connected  at  12.5  cents  per  unit,  and  for  any  current  in 
excess  of  said  average  use  of  60  hours  per  month  of  the  lamps 
connected  at  six  cents  per  unit.  In  consideration  of  the  six-cent 
rate  the  consumer  guarantees  $2.50  for  each  arc  lamp,  and  $3.00 
for  each  20  i6-cp  lamps  per  month. 

The  Colorado  Springs  Elec.  Co. 

In  case  noted,  the  smaller  consumer  is  more  desirable  from 
view-point  per  unit  of  cost  to  render  service. 

G.  Wilbur  Hubley.     . 

The  long-hour  small  consumer  should  have  a  better  rate 
than  the  short-hour  large  consumer  coming  in  on  peak. 

A.  Peters. 

Yes,  if  installation  is  in  proportion.         Andrew  F.  Hall. 
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See  answer  to  question  W  12.  R.  Louis  Lloyd. 

One  light  burned  10  hours  is  worth  to  the  station  much  more 
than  10  lights  burned  one  hour,  and  such  a  favorable  customer 
is  entitled  to  the  low  rate.  J.  W.  Cartwright,  Jr. 

Yes;  his  rate  should  be  lower  if  it  can  be  worked  out  prac- 
tically. Augusta  Ry.  and  Elec.  Co. 

The  small  consumer  who  burns  all-night  lights  is  more 
desirable  than  the  large  consumer  who  uses  current  at  the  peak 
of  the  load.  C.  W.  Koiner. 

He  might  be  entitled  to  a  lower  rate.    Douglass  Burnett. 

Yes.  On  our  sliding-scale  rates  the  consumer  who  has  the 
lower  lamp  count  and  burns  all  his  lights  all  night  will  receive 
a  lower  average  rate  per  kilowatt-hour  than  the  consumer  who 
has  a  large  lamp  count  and  bums  only  a  portion  of  his  lights 
all  night.  C.  M.  Wright. 

Taking  into  consideration  all  the  costs  of  the  small  consumer, 
including  the  consumer  costs,  demand  costs  and  current  costs, 
it  would  seem,  in  the  example  given,  that  the  small  consumer 
would  be  entitled  to  a  lower  rate  than  the  large  consumer  who 
used  only  a  portion  of  his  lights  all  night,  but  used  the  full 
capacity  during  the  peak.  Frank  W.  Frueauff. 

W  14.  Will  some  plant  using  nuudniTun-deniand  meters 
give  average,  highest  and  lowest  yearly  maximum  demand  per 
16-cp  lamp  or  per  kilowatt  connected,  for  various  classes  of  busi- 
ness; for  instance,  for  residences,  for  lodging  houses,  for  saloons, 
etc.? 

The  following  information  was  obtained  from  figures  for 
the  South  Side  of  Chicago.  The  figures  given  are  for  a  period 
of  twelve  months.     They  are  an  average  of  a  number  of  cus- 
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tomers,  and  well  represent  the  total  business  in  any  residence 
district  of  the  city  of  Chicago. 

WRIGHT   DEMAND   MAXIMUM    PER    CONNECTED   KILOWATTS 


Highest 
Reading 

Lowest 
Reading 

Average 
Reading 

Houses 
Flats 
Stores 
Saloons 

.54 
.62 

.83 
.69 

.25 
.24 
.57 
•39 

•39 
.42 

.69 

•34 

Average  all  business 

.60 

.29 

•44 

Geo.  McKana 

W  15.    How  can  we  best  push  the  electric-heating  business? 

Put  out  heating  appliances  ten  to  thirty  days  for  trial.  A 
500-watt,  five-pound  laundry  iron  for  a  family  of  from  two  to  four 
persons  will  only  use  from  eight  to  12  units  a  month. 

The  Colorado  Springs  Elec.  Co. 

By  distributing  circulars  with  bills  and  holding  demonstra- 
tions in  show-rooms.  Augusta  Ry.  and  Elec.  Co. 

We  carry  a  small  line  of  irons,  heating  pads,  water  heaters, 
and  curling  heaters,  and  have  let  our  customers  in  on  this  by 
sending  them  advertising  matter  relative  to  the  same.  We  have 
installed  some  flat-irons  on  trial,  and  they  do  not  come  back,  as 
the  customers  are  too  well  pleased.  You  will  find  that  water 
heaters  are  very  popular.     Let  your  customers  try  them. 

H.  E.  Ryder. 

By  reducing  your  rates  on  electricity.  C.  M.  Wright. 

This  company  believes  that  the  best  way  to  push  the  electric- 
heating  business  is  to  make  a  display  of  heating  apparatus  in 
your  show-room,  and,  if  possible,  in  some  restaurant,  cooking 
school,  or  place  that  is  more  or  less  public,  or  in  a  department 
store,  where  some  concession  can  be  made  to  the  proprietor  to 
induce  him  to  make  this  exhibit ;  also  by  advertising  and  getting 
pieces  of  efficient  and  rugged  apparatus  scattered  somewhat  gen- 
erally through  the  residence  section  in  the  hands  of  people  who 
are  likely  to  let  their  neighbors  know ;  also  by  the  sale  of  the 
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energy  on  the  same  basis  as  power,  or  on  some  favorable  basis 
less  than  ordinary  lighting  rales — which  is  warranted  under  the 
prevailing  conditions  in  most  companies — in  which  case  it  would 
be  necessary  to  install  separate  meters. 

John  F.  Gilchrist. 

W  16.  (a)  Shonld  different  rates  be  made  for  nsing  heating 
and  cooking  appliances  than  for  regular  lighting?  (b)  Are  such 
appliances  connected  on  light  meter  or  on  a  separate  meter? 


(a)  Special  meter  installed  and  connection  made  for  heat- 
ing appliances  on  special  rates  at  about  double  the  regular  mini- 
mum guarantee  charge. 

(b)  Appliances  in  private  families — such  as  chafing  dishes, 
coffee  urns,  tea-kettle,  hot-water  heaters,  heating  pads  and  laun- 
dry irons — put  on  regular  meter  at  regular  rates.  This  is  reason- 
able for  customer  and  better  for  company. 

The  Colorado  Springs  Elec.  Co. 

Current  for  heating,  cooking,  and  charging  storage  batteries. 
et  ccetera,  should  be  delivered  through  a  separate  meter  and  at  a 
lower  rate  than  the  lighting  rate.  The  regular  power  rate  can  be 
applied  to  this  class  of  business.  F.  Ellwood  Smith. 

• 

Where  a  great  quantity  of  current  is  used  for  heating  and 
cooking,  we  install  a  separate  meter  and  grant  a  lower  rate. 

United  Elec.  Lt.  Co. 

(a)  Current  sold  for  heating  and  cooking  must  be  sold  as  low 
as  you  can  afford  to  sell  it  per  kilowatt-hour.  One  house  that 
we  know  of  cooks  entirely  by  electricity,  and  used  150  kilowatt- 
hours  in  one  month.  At  three  cents  per  kilowatt  this  would  just 
about  equal  gas  at  $1.40  per  1000  cubic  feet, 
(b)  A  separate  meter  should  be  used. 

J.  W.  Cartwright,  Jr. 

If  the  amount  of  business  justifies  it,  separate  rates  and 
meters  might  be  used.  Augusta  Ry.  and  Elec.  Co. 
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Such  appliances  should  be  installed  on  separate  meters  and 
a  lower  rate  should  be  charged  than  for  lighting  purposes,  as 
most  of  this  current  would  be  used  during  the  day  when  the 
machines  are  doing  little  work.  I  think  this  would  help  to  build 
up  a  good  day  load,  and  would  be  a  good  way  to  push  the  electric 
lieating  and  cooking  business.  C.  M.  Wright. 

W  17.  What  rates  are  used  for  heating  service,  and  are  any 
special  rates  made  for  this  class  of  load? 

On  a  24-hour  station  service  heating  and  cooking  appliances 
are  desirable,  as  most  of  them  will  be  used  during  the  day.  A 
special  rate  is  usually  necessary  to  get  the  business. 

The  Colorado  Springs  Elec.  Co. 

See  answer  to  Question  W  16.  F.  Ellwood  Smith. 

Special  rates  for  heating  and  cooking  must  be  made.  As 
the  average  hours  of  house  lighting  are  about  two  hours  per  day, 
and  as  cooking  uses  current,  on  an  average,  about  four  hours, 
current  should  be  charged  for  at  low  rate.  This  only  applies 
where  a  large  amount  of  current-using  apparatus  is  installed. 

J.  W.  Cartwright,  Jr. 

No  special  rate  has  been  made.  Heating  appliances  are  not 
included  in  the  recorded  installation.  This  is  equivalent  to  a 
special  rate,  in  that  the  recorded  installation  appears  on  the  bill 
as  having  been  used  longer  by  an  amount  equivalent  to  the  heater 
consumption.  The  units  consumed  by  the  heater  are  thus  charged 
for  at  the  lowest  rate  that  is  obtained  upon  the  particular  bill  in 
question.  C.  W.  R.,  N.  Y.  Ed.  Co.   ' 

From  such  data  as  the  writer  has  gathered,  most  companies 
seem  to  be  furnishing  heating  devices  at  their  regular  lighting 
rates,  although  quite  a  few  are  selling  current  on  their  power 
schedule.    Very  few,  if  any,  have  a  special  rate  for  heating. 

John  F.  Gilchrist. 

W  18.  What  rates  are  used  for  charging  storage  batteries, 
and  are  any  special  rates  made  for  this  class  of  load? 

See  answer  to  Question  W  16.  F.  Ellwood  Smith. 
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Usually  special  rates  are  given  for  this  service,  five  cents  per 
kilowatt-hour  probably  being  average  rate. 

G.  Wilbur  Hubley. 

Six  cents  per  kilowatt-hour,  with  a  minimum  of  $50  per 
month.    Yes ;  this  is  a  special  rate  for  charging  storage  batteries. 

E.  A.  N.,  N.  Y.  Ed.  Co. 

W  19.  Is  it  good  practice  to  install  electric  signs  on  con- 
tract, making  special  rates  for  same  and  having  same  controlled 
by  time  switches? 

I  consider  electric  signs  on  not  less  than  one-year  contracts 
as  good  business.  Think  that  rates  should  be  based  on  free  lamp 
renewals.  A.  C.  Greenman. 

Yes.  G.  H.  CusHMAN. 

Put  signs  on  a  flat  rate  on  long-hour  running,  four  hours  or 
more,  and  turn  on  and  off  by  patrol  system. 

The  Colorado  Springs  Elec  Co. 

Yes.  G.  F.  WiLLARD. 

Yes.  G.  Wilbur  Hubley. 

We  would  count  it  good  practice,  if  it  is  long-hour  service. 

Augusta  Ry.  and  Elec.  Co. 

Until  the  franchises  were  declared  illegal,  we  found  it  ex- 
cellent practice  to  make  a  fixed-rate  contract  on  a  weekly  basis 
for  a  standard  type  of  sign,  to  be  equipped  with  lettering  to  suit 
the  customer,  and  consisting  of  24  4-cp  lamps.  A  sign  schedule 
of  hours  of  burning  was  adopted  for  each  month  in  the  year^ 
beginning  within  a  half  hour  of  dusk.  Give  the  customer  choice 
of  burning  until  eleven  o'clock  instead  of  ten  o'clock,  and  specify 
an  increased  charge  for  the  extra  burning.  Fix  your  weekly 
price  to  include  the  return  of  the  amount  of  your  investment 
in  two  years,  interest  on  the  outstanding  amounts,  cost  of  fran- 
chise of  sign,  of  wiring,  the  cost  of  the  first  equipment  of  lamps 
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distributed  through  two  years,  the  cost  of  lamp  renewals,  of  the 
service,  of  the  man  to  turn  the  sign  on  and  off,  of  the  current, 
and  add  10  per  cent  for  contingencies  and  profit. 

Douglass  Burnett. 

We  have  found  it  a  great  aid  to  us  in  securing  business  to 
make  contracts  for  electric  signs,  our  plan  being  to  figure  the 
cost  of  the  use  of  the  sign  from  dusk  until  midnight,  the  rate 
charged  each  month  being  half  the  yearly  rate.  We  send  a  man 
at  dusk  to  turn  on  the  sign  and  at  midnight  to  turn  it  off,  as  our 
experience  with  time  switches  has  not  been  altogether  satisfactory. 
We  have  been  able  to  get  a  great  many  users  of  light  to  change 
from  meter  rates,  where  they  shut  off  the  sign  at  eight  or  nine 
o'clock  at  night,  to  the  contract  plan.      Frank  W.  Frue^auff. 

Meter  each  electric  sign  separately  from  all  other  lights  and 
charge  the  regular  meter  rates,  for  each  sign  burns  during  the 
peak  and  few  of  them  all  night.  But  establish  a  minimum  rate 
on  each  sign  meter,  covering  an  average  of  three  to  four  hours' 
burning  every  night  in  the  month;  then  they  can  use  the  sign 
as  much  longer  any  night  as  they  wish,  and  you  get  pay  for  all 
that  is  used,  while  with  the  time  switch  there  may  be  many  nights 
the  consumer  would  like  to  burn  the  sign  later,  but  it  is  against 
the  contract  and  the  switch  cuts  them  out.  C.  M.  Wright. 

A  great  many  instances  of  companies  installing  electric  signs 
free  on  contract  at  flat  rates  per  week  have  come  to  the  notice 
of  the  writer,  and  every  one  who  has  really  given  the  thing  a 
thorough  trial  reports  that  it  is  exceedingly  profitable.  They  may 
be  controlled  either  by  time  switches  or  by  patrolmen. 

John  F.  Gilchrist. 

W  20.  What  is  the  best  method  of  proving  to  consumers 
paying  at  meter  rates  that  they  are  not  paying  for  more  cur- 
rent than  they  are  using? 

I  have  a  portable  bank  of  i6-cp,  104-volt  lamps,  that  aggre- 
gate 500  watts — by  test.  My  meter  man  takes  this  bank  of  lamps 
and  connects  it  in  with  the  meter  of  the  suspicious  customer. 
With  a  Westinghouse  single-phase  voltmeter  this  500-watt  bank 
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of  lamps  will  move  the  pointer  on  the  first  dial  one  point,  or  one- 
tenth  kilowatt,  or  100  watts  in  twelve  minutes.  The  customer  can 
see  for  himself.  It  is  the  most  practical  demonstration  that  can 
be  made.  Give  the  customer  a  meter  book.  Tell  him  to  note 
the  hours  his  lamps  burn — cm*  an  all-night  lamp— and  see  what 
the  meter  reads.  Let  him  understand  that  you  want  him  to  know 
all  about  it.    Never  try  to  fool  a  customer.        A.  H.  Kennedy. 

(a)  Show  them  how  to  read  their  own  meters,  and  tell  the 
meter  man  to  dot  down  reading  for  them  each  month,  so  they 
can  check  for  themselves. 

(b)  Employ  only  such  men  for  meter  readers  as  are  ex- 
tremely courteous  and  obliging. 

(c)  Ask  if  they  would  like  to  have  an  extra  meter  put  in 
for  a  month,  by  which  to  check  the  accuracy  of  the  one  about 
which  they  have  their  doubts.  If  so,  install  one.  We  haVe  done 
this  in  several  instances,  and  in  almost  every  case  the  new  meter 
ran  a  trifle  ahead  of  the  old.  We  have  never  had  a  complaint 
from  these  people  since.  Chas.  H.  Peters. 

Practical  demonstration  and  test  of  meter. 

G.  Wilbur  Hubley. 

Teach  the  consumer  how  to  read  his  meter.  The  only  way 
to  get  the  confidence  of  the  public  is  to  make  no  mystery  of  tiie 
matter,  for  you  have  nothing  to  conceal.  Let  them  watch  their 
meters  while  one  lamp  bums  an  hour,  and  if  they  have  any  sense 
at  all  they  can  soon  be  convinced  that  you  are  right — ^that  is,  of 
course,  if  you  and  your  meter  are  right.         R.  Louis  Lloyd. 

See  answer  to  U  4.  Test  meter  in  customer's  presence  either 
by  volt-ammeter  method,  standard  meter,  or  lamp-hour  test. 
Sometimes  it  is  advisable  to  install  recording  anuneters. 

W.  R.  B.,  N.  Y.  Ed.  Co. 

We  have  installed  in  our  office  an  electric  meter  near  our 
complaint  window,  the  meter  being  covered  with  a  glass  case. 
A  board  is  attached  near  it,  having  on  it  lamps  of  various  candle- 
power.  The  consumer  is  shown  how  the  meter  is  started  and 
stopped  by  the  turning  on  and  off  of  the  lamps  and  how  with  the 
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larger  sized  lamps  the  speed  of  the  meter  is  correspondingly 
greater.  We  believe  another  help  is  to  have  the  consumer  under- 
stand reading  his  meter  so  that  he  may  check  the  figures  taken 
by  the  meter  reader.  In  some  instances  y/e  put  on  a  recording 
chart  to  show  the  consumer  the  hours  when  current  is  on  and 
off — this  to  show  him  just  when  he  is  using  the  light.  In  many 
cases  complaints  come  from  people  who  do  not  realize  how  late 
their  lights  are  burned.  Frank  W.  Frueauff. 

Inspire  confidence  in  your  meter  system. 

Douglass  Burnett. 

Demonstrate  the  effect  on  the  meter  of  one,  five,  ten,  et  ccetera, 
lamps  in  circuit  and  consumption  over  definite  space  of  time  with 
certain  number  of  lamps.  If  doubtful  on  point  of  single-lamp 
consumption,  show  specifications  of  orders  for  lamps  and  prove 
by  meter  showing.  L.  W.  Emerick. 

Teach  them  to  read  their  own  meters. 

Thomas.  S.  Richardson. 

W  21.  What  can  be  done  to  meet  competition  with  %ba 
engines?  Has  any  company  found  it  necessary  to  use  special 
rates  to  keep  out  gas  engines? 

Gas-engine  competition  can  be  met  by  a  good  sliding  scale 
of  discounts,  except  in  cases  where  the  use  is  very  short  hours. 
With  the  usual  load  factors  the  gas  engine  is  a  very  inefficient 
piece  of  apparatus.  The  10  feet  talked  of  generally  becomes 
20  in  practice,  at  the  very  lowest,  and  this  only  by  computation 
from  the  capacity  of  the  engine,  not  from  the  loads  actually 
carried.  The  gas  engine  is  met  upon  the  same  ground  as  the 
steam  engine,  and  we  have  all  the  advantages  of  the  electric  drive 
in  our  favor.  We  also  have  the  advantages  of  a  very  simple  form 
of  prime  mover  as  against  the  very  complicated  gas  engine. 

In  large  sizes  and  with  producer  gas  the  problem  is  not  so 
simple,  but  if  space  and  freedom  from  fire  risks  and  smell  are 
worth  consideration,  we  have  some  good  arguments. 

The  Philadelphia  Elec.  Co. 
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Get  knowledge  of  the  use  of  current  by  various  classes  of 
machinery,  and  of  the  actual  cost  of  power  in  such  cases.  Adver- 
tise your  service,  and  maintain  a  good  service,  and  make  no 
special  rates  purely  because  of  competition. 

Douglass  Burnett. 


It  is  not  generally  necessary  to  make  special  rates  to  keep 
out  gas  engines.  Small  gas  engines  are  so  complicated  and  liable 
to  so  many  troubles  that  are  difficult  of  detection  except  to  an 
expert,  that  the  most  effective  solicitors  for  motors  are  the  cus- 
tomers who  have  tried  gas  engines  and  have  been  shut  down  by 
the  breaking  of  some  small  special  part  that  required  several 
weeks  to  replace,  or  that  have  had  their  gas  engines  shut  down 
without  apparent  cause  and  have  been  unable  to  locate  the  trouble 
without  getting  an  expert  from  the  factory  to  locate  the  trouble. 
A  good  stock  of  motors  of  various  sizes  enables  the  lighting 
company  to  promptly  replace  gas  engines  that  give  trouble  from 
any  cause.  Once  the  motor  is  in,  no  former  gas-engine  user 
will  ever  give  it  up  unless  the  charges  are  exorbitant. 

H.  T.  Hartman. 


W  22.  What  system  do  you  advocate  for  handling  the  busi- 
ness of  the  contracting  department? 

The  employment  of  a  contract  agent  whose  business  shall 
be  exclusively  the  matter  of  getting  load  for  the  station.  The 
lighting  company  in  any  town  of  5000  people  or  more  cannot 
afford  to  be  without  such  a  man.  He,  in  a  small  place,  can  do 
the  work  himself,  of  seeing  customers  and  keeping  the  records. 
In  the  larger  places  he  must  have  solicitors  in  regular  districts 
for  covering  the  territory,  and  a  chief  clerk  who  shall  talk  with  the 
general  run  of  customers  in  the  office,  attend  to  the  details  of 
putting  through  contracts  and  seeing  that  they  are  properly  exe- 
cuted, and  keeping  complete  records  of  the  business  done,  reports 
of  solicitors,  card  systems  of  people  on  whom  solicitors  are  calling 
for  the  purpose  of  following  up,  and  so  forth. 

John  F.  Gilchrist. 
V,  2-30 
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W  23.    What  provision  is  made  in  existing  contracts  for 
tests  on  arc  or  incandescent  lamps  for  street  lighting? 


Provision  is  made  in  contracts  that  the  cities  can  test  the 
current  maintained  on  the  series  circuits  for  arc  and  incandescent 
street  lighting,  which  they  do  at  stated  intervals,  unknown  to 
the  company,  and  send  us  report  on  same. 

F.  C.  S.,  Malden  Elec.  Co. 


This  company  has  a  contract  for  furnishing  arc  lamps  for 
street  lighting  at  Sycamore,  III.,  in  which  contract  provision  is 
made  for  testing  the  arcs,  the  testing  specified  being  a  consump- 
tion of  450  watts  at  the  arc,  and  that  the  lamps  be  rated  as  2000 
"nominal"  candle-power.  W.  H.  Zimmerman. 


'*The  company  agrees  that  the  Town  may,  at  all  times,  with 
or  without  the  Company's  knowledge,  employ  a  competent  person 
to  test  the  electrical  currents  and  energy  furnished  to  any  or  all  of 
said  lights,  and  to  examine  and  test  the  street  lights  to  ascertain 
whether  or  not  the  Company  is  complying  with  the  terms  of  the 
contract,  and  for  such  purpose  the  Company  agrees  that  such 
competent  person  may  have  access  at  all  reasonable  times  to  all 
said  lights,  poles,  wires,  fixtures  and  other  apparatus  of  the 
Company  in  the  streets  and  other  public  places  in  the  Town  and 
used  in  carrying  out  this  contract.  The  Town  agrees  to  indemnify 
and  save  harmless  the  Company  against  any  and  all  claims  for 
damages,  loss,  cost,  and  expense  on  account  of  injury  to  persons 
or  property  arising  in  any  way  out  of  the  employment,  act  or 
neglect  of  such  person.  Should  the  Town  at  any  time  find  that 
the  Company  is  not  complying  fully  with  all  the  terms  and  re- 
quirements of  this  contract,  the  Town  shall  immediately  notify 
the  Company  of  such  fact,  so  that  the  Company  may  at  once 
remedy  the  fault."  F.  Ellwood  Smith. 


Arc  lamps  tested  by  ammeter  in  circuit  and  voltmeter  across 
the  lamp  terminals — lamp  having  been  specified  in  these  terms  as 
corresponding  to  certain  watts  consumption.      L.  W.  Emerick. 
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W  24.  Should  a  contract  for  incandescent  street  lights 
specify  when  the  lamps  should  be  renewed^  either  as  to  number 
of  hours'  burning  or  as  to  the  minimum  candle-power  to  be 
allowed  t 

The  writer  thinks  not.  As  to  the  candle-power,  we  are 
limited  to  a  minimum  of  24-cp  initial  tests  on  25-cp  lights. 

R  C.  S.,  Malden  Elec.  Co. 

"Shall  be  promptly  renewed  by  the  Company  whenever 
broken  or  burned-out  or  when  the  candle-power  falls  below  80 
per  cent  of  the  normal."  F.  Ell  wood  Smith. 

Not  if  you  can  avoid  it.  Fred  B.  Sharpe. 

In  making  street  incandescent-lighting  contract  it  is  very 
desirable  to  specify  the  number  of  lamp  renewals  that  will  be 
allowed  per  year.  If  arrangements  can  be  made  to  deliver  the 
lamps  to  the  municipality  and  have  renewals  made  by  the  police, 
complaints  of  service  will  be  more  than  halved. 

H.  T.  Hartman. 

W  25.  Should  a  contract  for  incandescent  street  lights 
specify  initial  or  average  candle-power,  and  what  is  a  satisfactory 
method  of  testing  candle-power  of  street  incandescent  lamps  t 

(a)  Average  candle-power. 

( b)  Mount  your  photometer  on  the  top  of  a  wagon.  Measure 
the  lamp  as  it  is  in  actual  service.  D.  Clinton  Shain. 

"The  incandescent  lights  shall  be  the  so-called  25  candle- 
power."  F.  Ellwocm>  Smith. 

(a)  Average  candle-power. 

(b)  A  good  photometer.      F.  C.  S.,  Malden  Elec.  Co. 

W  26.  In  wording  a  contract  for  street  lighting,  what  is 
a  fair  description  of  a  so-called  "fuU  arc,"  or  a  "2000-candle- 
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power"  arc  that  will  not  be  misunderstood  and  that  will  stand 
a  fair  test?    Also  a  "half -arc,"  or  a  "1200-candle-power"  arc? 

All  street-lighting  contracts  should  specify  the  watts  per 
lamp,  instead  of  the  candle-power.  G.  B.  Leland. 

Designate  the  lamp  according  to  the  energy  it  consumes.  For 
instance,  we  use  the  terms  350-watt,  450-watt,  and  575-watt  lamp. 

Geo.  McKana. 

"The  arc  lights  shall  be  of  the  6.6-ampere  alternating-current 
enclosed  pattern,  requiring  an  electrical  energy  of  422  watts  on  an 
average  and  not  less  than  410  watts  in  any  case,  or  such  modi- 
fications of  the  same  as  shall  be  practicable,  provided  the  candle- 
power  of  the  lights  shall  not  be  reduced." 

*'Said  arc  lights  shall  be  the  so-called  'half-arc*  nominal 
i200-cp  lights,  requiring  an  electrical  energy  of  310  watts  and 
supplied  with  current  of  not  less  than  6.6  amperes." 

"The  electric  current  furnished  shall  never  be  less  than  6.6 
amperes  and  the  potential  fall  of  each  lamp  shall  not  be  less  than 
45  volts."  F.  Ellwood  Smith. 

Specify  the  watts  to  be  furnished  to  lamps  and  avoid  use  of 
misnomer  of  nominal  rating  of  2000  candle-power  and  1200 
candle-power.  G.  Wilbur  Hubley. 

We  think  the  wattage  of  the  lamp  should  be  given,  followed 
by  the  words  **2000-cp  or  1200-cp  nominal." 

A.  R.  McKiNNON. 

Normal  2000  or  1200-cp  arc  lamp  requiring  ....  (state  watts 
wish  to  serve)  watts  at  the  arc.  C.  C.  Gartland. 

The  lamps  should  be  designated  in  watts  per  hour  and  the 
word  '*candle-ix)wer"  should  be  eliminated  from  all  contracts  made 
with  cities  or  villages  for  street  lighting.  A  fair  description  of  a 
so-called  2C)00-cp  arc  lamp  would  be  a  lamp  consuming  450  watts, 
and  for  a  1200-cp  one  consuming  350  watts.        C.  W.  Koiner. 

Get  away  from  any  *'candle-power"  reference  whatever,  and 
show  frankly  that  it  does  not  and  never  did  mean  anything.  Ex- 
plain that  energy  put  into  a  lamp  determines  light  given  out.  and 
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that  lamps  are  rated  by  energy  consumed  ''at  the  lamp  terminals/' 
not  at  the  arc.    Power  factor  will  not  make  trouble  in  that  case. 

L.  W.  Emerick. 

W  27.  What  is  a  fair  method  of  settling  disputes  between 
companies  and  cities  as  to  whether  the  company  is  actually  fur- 
nishing 2000  or  1200-cp  lights? 

I  have  always  used  a  portable  voltmeter.  We  have  the  stand- 
ard 450-watt  enclosed  arc.  Have  the  proper  officers  see  the 
voltmeter  applied ;  with  a  6-ampere  lamp  at  75  volts,  the  requisite 
450  watts  are  secured. 

In  the  first  place,  I  never  would  agree  to  give  2000  or  1200 
candle-power.  That  is  where  the  trouble  comes  in.  In  our  con- 
tract a  450-watt  enclosed  arc  lamp  was  specified,  and  nothing 
was  said  about  the  candle-power.  If  the  above  won't  satisfy  the 
oity,  let  it  employ  a  reliable  electrician  to  make  the  test. 

A.  H.  Kennedy. 

If  direct-current  series  lighting  is  used,  a  lamp  consuming 
490  watts,  with  a  clear  globe,  is  approximately  equivalent  to  2000 
candle-power;  in  other  words,  an  ammeter  showing  9.8  amperes 
per  lamp,  and  average  pressure  across  lamp  terminals  of  50  volts. 
In  enclosed  alternating  lamps,  a  consumption  of  660  watts,  with 
clear  globe — t.  e.,  six  amperes  at  no  volts — g^ves  approximately 
2000  candle-power;  or  385  watts  are  approximately  equal  to  1200 
candle-power  with  clear  globe.  Chas.  H.  Peters. 

If  possible,  get  things  to  a  basis  of  watts  per  lamp,  with 
specified  current  in  circuit.  This  is  always  readily  determined. 
Present  method  of  rating  by  lamp  makers  is  based  on  watts  con- 
sumption, which  should  help  prove  that  candle-power  rating  is 
obsolete.  L.  W.  Emerick. 

W  28.  By  the  use  of  what  argument  and  figures  can  a 
prospective  consumer  be  convinced  that  an  electric  motor  is 
cheaper  than  a  steam  engine? 

By  showing  the  comparative  figures  of  installation  and  (^ra- 
tion between  steam  and  electricity  if  plant  is  not  installed.     If 
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steam  plant  is  installed,  take  consumer's  figures  of  cost  of  main- 
tenance of  steam  plant,  including  labor,  coal,  waste,  oil,  et  ccetera, 
and  compare  with  purchase  of  motor  and  cost  of  current  and 
maintenance.  The  price  of  motor  may  cause  figures  to  appear 
high,  but  emphasis  should  be  laid  on  the  fact  that  a  motor  does 
not  require  the  constant  services  of  labor,  as  do  engine  and 
boiler.  Madison  Lt.  and  Ry.  Co. 

Dr.  Louis  Bell,  in  Electric  Transmission  of  Power,  treats 
this  subject  exhaustively  and  presents  facts  and  arguments  in 
his  characteristically  able  and  convincing  style. 

Ralph  D.  Laxton. 

We  first  endeavor  to  arrive  at  the  true  cost  of  steam  power 
to  the  prospective  customer,  and  get  him  to  agree  with  us  upon 
a  figure  that  properly  represents  it.  We  have  found  that  when 
we  have  been  able  to  figure  the  same  upon  a  rational  basis  with 
him,  the  most  convincing  argument  is  a  guarantee  on  our  part 
that  his  bill  will  not  exceed  a  certain  specified  amount  per  month. 
This  amount  ranges  from  about  $4.00  per  month  per  horse-power 
connected,  upward,  depending  upon  the  service  and  conditions. 
The  customer  is  further  required  to  submit  to  a  minimum  of  $2.50 
per  month  per  horse-power  connected,  and  is  told  what  our  aver- 
age income  per  horse-power  is  for  his  class  of  service. 

Rockland  Light  and  Power  Co. 

If  a  company  can  not  convince  a  prospective  customer  by 
using  actual  facts  and  figures  that  it  is  cheaper  to  use  electric 
motor  for  power  than  to  use  steam  engine,  it  had  better  not  in- 
stall the  motor,  as  such  an  installation  would  only  result  in  dis- 
satisfaction to  both  the  customer  and  the  company. 

F.  G.  Proutt. 

Explain  to  him  that  it  does  not  cost  anything  to  start  his 
motor,  and  that  he  does  not  lose  anything  after  it  is  cut  off, 
v/hereas,  when  he  has  a  steam  engine  he  has  to  raise  steam,  keep 
his  boiler  and  engine  in  repair,  run  the  risk  of  a  fire,  also  an  ex- 
plosion, and  serious  accidents ;  and  last,  but  not  least,  he  is  losing 
all  the  steam  he  has  raised  when  he  cuts  the  engine  off,  whereas 
on  his  motor  he  only  pays  for  what  he  uses. 

Fred  M.  Lege,  Jr. 
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Because  when  the  motor  stop»  hi«  expense  ceases.  The 
same  argument  appKes  before  starting,  while  for  the  steam  engine 
a  certain  amount  of  fuel  is  consumed  to  get  up  steam  and  in 
banking  fires.  Aside  frcwn  this,  a  licensed  engineer  must  be  in 
charge  of  a  steam  engine;  not  so  with  a  motor.  Cost  of  oil, 
et  catera,  should  also  be  considered.  E.  A.  Bechstein. 

We  often  find  it  a  difficult  matter,  and  have  tried  the  follow- 
ing plan  with  success :  To  offer  to  install  a  motor  on  thirty  days' 
trial  and  to  remove  it  free  of  expense  to  the  customer  if  not 
satisfactory.  The  company  bears  the  expense  up  to  the  building, 
while  the  customer  pays  for  any  wiring  inside  of  the  building  and 
whatever  shafting  and  pulleys  may  be  necessary.  This  will  be  a 
loss  to  him  if  he  orders  the  motor  removed.  He  also  pays  for 
the  current  during  the  trial  at  an  agreed  upon  rate.  Such  an  offer 
is  a  convincing  argument,  and  we  believe  it  pays  to  make  it  where 
you  feel  pretty  well  satisfied  beforehand  that  the  motor  will  be 
kept.  Alex.  J.  Campbell. 

By  a  trial,  if  you  have  motors  in  stock  and  can  make  installa- 
tion without  too  great  outlay  of  time  or  material. 

D.  CConnell. 

We  have  found  that  where  a  steam  or  gasolene  engine  could 
not  be  removed  otherwise,  the  placing  of  a  motor  on  trial,  entirely 
without  cost  to  the  prospective  consumer,  and  of  donating  a 
month's  current  service,  has  never  failed  to  bring  the  customer. 
It  may  look  extravagant,  and  should  not  be  resorted  to  unless 
a  person  is  sure  that  the  motor  service  will  either  save  expense 
or  increase  output  of  customer's  manufacture,  or  other  substan- 
tial advantage  be  gained.  When  the  solicitor  knows  exactly  what 
the  prospective  customer's  steam  plant  can  be  made  to  do,  he  can 
figure  to  a  certainty  what  the  motor  will  do.  The  above-named 
procedure  is  sure  to  accomplish  results.  E.  Peterson. 

Our  way  of  talking  to  a  prospective  power  consumer  is,  first, 
to  convince  him  by  figures  that  he  does  not  average  his  maximum 
throughout  his  running  hours;  second,  to  analyze  the  figures  of 
all  existing  power  customers  and  show  him  the  results  obtained 
by  some  one  in  the  same  line  of  business  using  our  power.     In 
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starting  the  power  business  it  will  of  course  frequently  happen 
that  we  can  not  find  a  parallel  case,  and  in  an  older  business  such 
will  frequently  be  true.  In  such  cases  the  central  station  is,  we 
believe,  warranted  in  making  exceptional  inducements,  such  as 
installation  of  motors  upon  agreement  to  take  them  back  after  a 
certain  time  at  a  very  nominal  charge  for  depreciation.  Also 
to  make  certain  guarantees  for  a  limited  time  as  to  what  the 
consumer's  bills  will  be  per  installed  horse-power,  so  as  to  enable 
the  customer  to  make  a  trial  of  the  electric  service  without,  as 
he  will  express  it,  "putting  his  head  in  a  noose."  If  a  little 
engineering  ability  and  common  sense  is  displayed  in  installing 
the  motors  the  result  will  nearly  always  be  favorable  to  the  central 
station.  John  F.  Gilchrist. 


W  29.    What  do  you  consider  a  fair  week's  work,  either 
in  lamps  or  income,  for  a  solicitor? 


I  do  not  believe  there  should  be  any  attempt  made  to  fix 
the  amount  of  the  solicitor's  work,  either  in  lamps  or  income. 
The  solicitors  should  be  paid  on  the  basis  of  the  business  they 
turn  in.  In  other  words,  the  more  business  they  produce  the 
H'ore  they  should  receive.  With  this  thought  in  mind,  the  solici- 
tor will  be  constantly  at  work  and  will  have  no  thought  of  hav- 
ing done  enough  for  the  week,  the  incentive  being  that  the  more 
he  does  the  more  he  can  make.  The  average  estimated  yearly 
revenue  turned  in  on  the  contracts  taken  by  the  solicitors  employed 
by  this  company  varies  from  $600  to  $1000  per  week,  depending 
on  the  ability  of  the  man,  district  in  which  he  is  employed,  and 
the  time  of  year.  Frank  W.  Frueauff. 


Preliminary  or  introductory  work,  as  well  as  special  work, 
on  the  part  of  the  solicitor  should  not  be  charged  up  against  his 
time,  as  the  results  of  this  kind  of  work  come  in  the  future. 
Outside  of  this,  the  business  brought  in  directly  and  indirectly  as 
the  result  of  solicitation  should  result  in  a  year  to  twice  the 
amount  paid  to  the  solicitor  in  salary.  Since  several  months  in 
the  year  are  quite  non-productive  of  results,  the  yearly  basis  seems 
the  only  proper  one.  The  Philadelphia  Elec.  Co. 
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A  fair  week,  month  or  year's  work  of  a  solicitor,  in  lamps 
or  income,  must  always  depend  upon  the  district  in  which  he 
works.  A  week  can  hardly  be  taken  as  a  basis  in  any  field,  as 
under  certain  conditions  and  at  certain  seasons  of  the  year  it  is 
not  possible  to  get  as  much  business  as  at  others.  The  writer 
takes  as  a  basis  the  gjoss  i6-cp  equivalents,  as  this  is  a  much  more 
practical  unit  than  that  of  income,  although  the  income  is  what 
really  counts.  He  believes  in  using  the  lamp  equivalent  as  the 
unit  of  the  agent's  work,  and  making  inducements  in  other  ways 
that  will  result  in  the  agent's  bending  his  efforts  in  the  direction 
of  the  most  profitable  kind  of  business.  This  company  has  some 
solicitors  of  whom  as  low  as  5000  lamps  per  year  is  expected,  but 
if  they  get  that  number  they  will  do  as  well  as  other  lighting  men 
in  better  districts  getting  20,000  lamps  per  year  and  power  solici- 
tors getting  40,000  i6-cp  equivalents  per  year.  We  believe  the 
proper  method  is  to  district  your  territory,  then,  by  past  results 
and  all  the  information  you  can  obtain,  fix  for  each  solicitor  an 
amount  of  business  that  with  good  work  that  territory  shall  yield. 

John  F.  Gilchrist. 

Depends  entirely  upon  local  conditions. 

Douglass  Burnett. 


All  he  can  get.  Results  vary  at  different  seasons.  In  a  town 
of  15,000  population  one  solicitor — ^paid  $500 — got  369  gas  and 
electric  consumers,  a  cost  of  $1.35  per  consumer,  which  increased 
the  income  22.5  per  cent.  R.  N.  Kimball. 

W  30.  (a)  What  methods  do  you  use  to  save  clerical  work 
for  solicitors?  (b)  What  system  of  reports,  if  any,  do  you  use 
to  check  solicitors'  work  and  keep  them  up  to  their  best  efforts? 

(a)  Solicitors  are  required  to  do  very  little  work  of  a  clerical 
nature  outside  of  making  out  their  daily  reports,  (b)  These 
reports,  in  the  form  of  cards  for  an  index  system,  are  printed  to 
show  the  address,  character  of  premises,  whether  wired  or  not, 
and  such  further  details  as  to  enable  the  work  to  be  followed  up. 
One  is  made  out  for  each  place  visited  each  day,  serving  as  a  com- 
plete check  upon  the  work.  The  Philadelphia  Elec.  Co. 
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We  use  the  following  form,  which  we  file  by  streets. 


SOLICITOR'S  Card. 


STRECT. 
OW^ER. 


NO.. 


TCNANT_^ 


CLA88.0F  BUILDING. 

B^WCEN 

ON OTF 


•  IDE  OF  BTREET. 

•T 
AVE ■ 


OLD  MAIN 
NEWMAIN 


.•ERVieCt. 


SOLICITED  BY 

DATE 

nCMARKS 

R.  N.  Kimball. 

The  only  clerical  work  for  solicitors  is  to  see  that  contracts 
are  properly  written  up,  and  contain  information  as  to  what  the 
company  is  to  do  in  the  way  of  giving  credits  or  rebates  on 
changes  of  contract,  or  appliances  to  be  furnished.  A  daily  report 
of  contracts  signed  should  be  made.  Cards  should  be  filled  out 
giving  names,  address,  et  ccetera,  of  prospective  customers. 

Douglass  Burnett. 

Use  card  system.  Make  solicitor  turn  in  a  card  each  evening 
for  each  place  visited  during  the  day,  with  party's  name,  street 
and  house  number,  prospects  of  a  sale,  et  ccetera. 

Charles  D.  Penniston. 


Each  solicitor  is  expected  to  keep  a  record  of  each  visit  made^ 
showing  the  time  spent  at  the  place  and  results  accomplished,  if 
any;  also  class  of  contract  he  was  attempting  to  secure.  These 
reports  are  turned  in  each  night  and  are  tabulated  to  the  house 
record  by  special  clerks.  The  house  card  records  are  gone  over 
frequently  by  a  clerk,  who  calls  the  attention  of  the  solicitor  to 
places  where  he  should  call  or  where  there  seem  to  be  opportuni- 
ties for  further  business. 

We  have  not  aimed  to  cut  out  all  of  the  clerical  work  of  the 
solicitors,  as  we  believe  it  necessary  for  them  to  keep  a  careful 
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record  of  the  business  in  their  section,  and  while  this  takes  up 
considerable  time,  we  believe  it  is  time  well  spent ;  otherwise  their 
efforts  may  be  misdirected.  Frank  W.  Frueauff. 


ACCOUNTING  AND  STATISTICS 

X  1.  Where  can  I  get  information  concerning  best  methods 
of  electric-light  and  telephone  accounting  and  statistics  t 

For  electric-light  accounting,  write  the  Engineering  and  In- 
vestment Company,  909  New  York  Life  Building,  Chicago,  111. 

R.  N.  Kimball. 

X  2.  What  is  the  best  system  of  billing  goods  for  wiring, 
current,  etc.? 

I 
We  use  different  forms  for  light  service,  power  service,  mer- 
chandise, wiring,  et  ccetera,  with  different-colored  papers.  In  this 
way,  if  you  do  not  allow  discount  on  all  these,  you  can  so  specify 
on  each  form,  in  a  prominent  place  (we  use  the  margin).  If  you 
put  all  items  on  one  bill,  customer  is  liable  to  take  discount  off 
the  whole  thing,  and  cause  you  much  unnecessary  work  and  an- 
noyance. Chas.  H.  Peters. 

X  3.  What  are  some  of  the  best  ways  of  keeping  rent  or 
meter  accounts? 

Meter-reading  cards,  computation  sheets  for  each  customer, 
card  index  system  for  each  customer,  each  card  covering  two 
years,  with  amounts  in  kilowatt-hours,  and  of  bill  also,  showing 
payments.  The  reverse  of  this  card  may  be  arranged  to  hold  the 
history  of  the  customer,  namely,  complaints,  tests,  where  pre- 
viously served,  et  ctetera.  The  Philadelphia  Elec.  Co. 

Have  special  column  in  consumers'  ledger  for  rental  and  add 
enough  rental  to  charge  for  amount  consumed  to  make  up  mini- 
mum bill.  Charles  D.  Penniston. 
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Customers*  meter-reading  cards  bound  in  loose-leaf  binders 
in  order  of  streets  and  house  niunbers. 

Customers'  loose-leaf  ledger,  25  accounts  to  the  page,  in  same 
order  as  meter  cards  and  on  the  safeguard  account  system  plan. 

Geo.  E.  Burns. 

X  4.  What  is  the  best  and  easiest  method  of  keeping  a 
record  of  transformeis  and  meters  t 

A  convenient  and  easy  method  of  keeping  a  transformer 


iForm  66-7— I-O4-5O0. 

Order  No.— . 

8«t 


Circuit- 


Date. 


I  Transformer  Capacity. 
NumtMr Make 


R«in. 


Type. 


Voltage,  Primary. 
Location 


Secondary. 


Employe's  Name. 


Iron  Lots,  Voltage. 
Copper  LoM,  ^ — 


Cycles. 


Lost. 


yi 


H 


Full. 


Remarks. 


MARC 

TRANSrORMCR    PICCORO 

-                  1  fiMwaaA 

»CNUC  NUM 
CAPACI1 

BCII 

rt 

It     Mi 

I>ATr    PUBCHAHRB 

CiacuiT 

SfcT 

RCMOVKO 

Cav»» 

_^ 

n«T» 

l.nm.% 

Rr.MAIKI 

k 

1 

- 

1 

1 

1 

■ 

1 
• 

Jl 

r^ 

L  J 

1  1 
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record  is  by  use  of  the  card  system,  having  a  feeder  index  and  a 
numerical  index.  In  one  case  the  cards  for  each  feeder  are 
grouped  together,  while  in  the  other  each  make  of  transformer  is 
grouped  and  the  cards  are  arranged  numerically.  The  sample 
cards  will  show  the  information  on  each.  H.  S.  Russelu 

I  enclose  a  set  of  meter  record  cards  which  I  think  answer  the 


= ' ■         

«•                                           METER  CARD                           ELECTRIC 

NO^                AM».                                             VOI.TB                                            ■AtlAMT                                                    ISO 

Makbrs'  no.                    Tvpb                     Makbr                                  Oost  t 

aiT                                                    1 

■HBH.I   JV.V'-I   (    HBH^BHHl 

DATS 

INOBX        1 

DATS           1 

INOBX             1 

• 

- 

, 

• 

\ 

/ 

(  ,.,. 

—J 

. 

• 

._      .    _                J 

COMPtCTBO 


190      BV 


iNSPSCTtO 


t90    BV 


AsPOflT 


W.O. 


ACOt. 


O.K. 


t14 
NO. 

SET  METER 

ELECTRIC 

MSTSM  No. 

Namb 

Aup.              Volts 

LOAO 

Makb 

MBTBII  LOCATION 

Tr^B 

Datb 

SiGNKO 

INDKX 

How  CONNBCTK&  ' 

7 


Wb^      I    M-CWD*  t     LlDOBW 
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purpose  admirably.    By  changing  the  wording  they  will  also  serve 
as  transformer  cards.  A.  C.  Greenman. 

Card  catalogue.  F.  Ellwood  Smith. 

X  5.  What  percentage  of  depreciation  shonld  be  charged 
on  station  and  equipment  t 

On  brick  or  stone  building,  2.5  per  cent;  on  boilers  and  en- 
gines, 7  per  cent ;  on  dynamos,  belting,  et  ccetera,  8  per  cent. 

Chas.  H.  Peters. 

Depreciation  on  station  equipment  should  be  written  off  at 
seven  and  a  half  per  cent  C.  W.  Koiner. 

Z  6.  What  is  considered  a  proper  list  of  operating  records 
for  use  in  analyzing  the  operation  of  a  steam  plant?  How  much 
detail  should  be  exhibited  by  these  records  in  a  6000-kilowatt 
steam  plant  producing  alternating  current? 

Daily  records  of  all  supplies  such  as  coal,  oil,  waste,  grease, 
et  ccetera;  water,  if  purchased,  or  as  a  check  upon  evaporative  re- 
sults. 

Records  of  pressure,  temperatures  and  vacuum,  by  recording 
gauges.  Records  of  engine  and  boiler  service  with  a  chart  showing 
the  load  in  relation  thereto  at  least  once  a  week. 

Chief  to  carry  his  own  log  book  showing  all  work  done,  all 
troubles,  cause  and  remedy. 

It  is  assumed  that  the  accounting  system  would  carry  the 
details  of  operating  subdivided  into  at  least  the  following  items: 
Payroll,  engine-room  and  boiler-room,  oils,  machinery,  cylinder 
and  grease,  waste,  engines,  miscellaneous,  packing,  belts,  shafting, 
condensers,  boilers,  miscellaneous,  tubes  and  caps,  furnaces,  pipes, 
pumps,  blowers  and  heaters,  coal  apparatus.  Executive  and  gen- 
eral expenses  to  be  covered  by  the  rest  of  the  system  of  book- 
keeping. The  Philadelphia  Elec.  Co. 

It  appears  to  me  that,  as  a  general  thing,  operating  records 
go  into  far  too  much  detail.  Unless  there  is  a  competent  man  who 
has  nothing  else  to  do  but  follow  up  and  analyze  the  records  from 
day  to  day,  nothing  is  gained  by  too  much  detail.    On  the  other 
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hand,  the  oonsciousness  that  the  paper  work,  which  requires  so 
much  of  the  time  of  the  operating  force,  is  simply  received  and 
filed  away  is  very  likely  to  make  the  men  careless.  I  believe  that 
the  daily  station  records  should  be  confined  to  the  simple,  salient 
points  and  that  any  unusual  variation  should  be  made  the  subject 
of  a  special  test.  H.  T.  Hartman. 

See  headings  on  balance  sheet. 

LIBERTY  LIGHT  AND  POWER  CO.,  Liberty,  N.  Y. 
Business  Statement  and  Balance  Sheet,  month  ending iqo 


Business  Stmtcment 


EXPENDITURES 

Manupacturk  or  Current 

Pud 

Oil«  Grease  and  Waste 

Other  Material 

Labor 

Distributing  Expense 

Lamp  Renewals 
Other  Material 
Labor 

Genbral  Expense 

SaUiries 
Commissions 
Fixed  Charges 
Sundries 

Repairs  AND  Renewals 

Power  Plant  Building 

Steam  Plant 

Machinery  and  Appa- 
ratus 

Pole  Lines  and  Installa- 
tions 

EARNINGS 

Lighting  and  Power 
Profit  on  Wiring  Con- 
tracts 

Less   Rebates,    Dis- 
counts, etc. 

Profit  for  Month 
Profit  Previously  Re- 
ported 


Amt. 


Amt. 


Total  Profit  to  Date 


Per 
Watt 


Balance  Sheet 


RESOURCES 

Plant  Account 
Tool  Account 
Additions  and  Extent 

sions  to  Plant 
Material  Stores 
Fuel  Stock 
Unfinished  Wiring 

Contracu 
Accounts  Receivable 
Cash 


LIABILITIES 

Capiul  Stock 
Profit  and  Loss 
Accounts  Payable 


Amt. 


Amt. 


Number  of  Customers 

last  Report 
New  Customers  this 

Month 
Lost  Customers  this 

Month 

Number  of  Customers 
end  of  Month 

Remarks 


Fred  B.  Sharpe. 
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X  7.  What  success  lias  been  obtained  in  devising  and  main- 
taining a  systematic  method  of  recording  and  satisfactorily 
analyzing  all  cases  of  trouble  in  the  operation  of  central-station 
systems? 

Z  8.  What  is  the  average  output  per  pound  of  coal  (stating 
kind  used)  in  plants  using  compound  engines;  size  of  plant 
2000  to  6000-kilowatt? 

The  average  output  per  pound  of  coal  for  station  using 
Illinois  nut  and  screenings  is  0.120  kilowatt-hour;  and  for  station 
using  West  Virginia  smokeless  coal,  0.165  kilowatt-hour. 

Geo.  McKana. 

From  three  to  four  pounds  of  coal  per  kilowatt-hour. 

C.   W.   KOINER. 

Z  9.  What  percentage  of  total  generated  output  is  lost 
or  unaccounted  for  and  what  is  the  percentage  of  each  of  the 
classes  of  such  losses  or  unaccounted-for  current? 

In  modem  central-station  systems,  generating  25-cycle  high- 
tension  current  and  supplying  direct-current  and  alternating- 
current  6o-cycle  service  by  means  of  rotary  converter  and  motor- 
generator  substations,  respectively,  the  annual  loss  between  gen- 
erator terminals  and  service  meters  is  about  33  per  cent  of 
kilowatt-hours  generated. 

This  loss  may  be  subdivided  as  follows  : 

Per  Cent  of  Kw-hours 
at  Machine  Terminals 

(i)    From  generator  to  substation  feeder-board. 

Transmission  and  substation  conversion  losses 15  per  cent 

Storage  battery  and  booster  losses i 


ti       tt 


Total 16    **       •' 

(2)    From  substation  feeder-board  to  service  meter. 

DIRECT-CURRENT    SYSTEM  ALTERNATING-CURRENT   SYSTEM 

Per  Cent  of  K w-hours  Per  Cent  of  Kw  hours 

at  Feeder-board  *t  Feeder-board 

Copper  or  line  losses..     8  per  cent  ^l4  per  cent 

Wattmeter  shunt i         **  i*A        '* 

Transformerless *'  i^/4        ** 

Unaccounted  for gj4     **  7 

Total i8>^     ••  2g}4 

Average,  direct-current  and  alternating-current  systems,  20.5  per  cent. 
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Also  see  answers  to  question  T  9,  1904  Question  Box, 

S.  Prusinowski. 

Z  10.  In  an  Edison  three-wire,  overhead,  direct-current, 
110-220-Yolt  system,  with  mains  interconnected  and  feeders 
arranged  to  give  g^ood  regulation  of  voltage,  about  what  per 
cent  is  lost  between  station  meters  and  consumers'  meters? 

Good  practice  may  vary  from  15  to  25  per  cent  for  all,  in- 
cluding unaccounted-for  losses.  The  best  net  result  for  any  one 
case  is  determined  by  balancing  the  fixed  charge  on  investment 
needed  to  reduce  loss  against  actual  cost  of  supplying  such  energy 

loss.  P.  JUNKERSFELD. 

Our  average  is  about  24  per  cent.  A.  Peters. 

Twenty-five  to  30  per  cent ;  25  per  cent  being  very  good. 

E.  B.  Greene. 

X  11.  What  is  the  best  method  of  keeping  record  of  con- 
nected load? 

Connected  load  can  be  conveniently  carried  in  a  specially 
ruled  book  dividing  the  business  up  into  the  various  classes,  such 
as  arc,  incandescent,  power,  incandescent  arc,  and  Nernst.  Names 
and  load  of  each  customer  entered  from  the  installation  slips,  in 
black  ink. 

Names  and  load  of  customers  going  oflF  the  system  entered 
from  the  slips  showing  disconnection  and  cause,  in  red  ink. 

Enter  the  loss  after  those  gained,  subtract  the  amount  and 
carry  the  balance  ahead  the  same  as  any  other  entries. 

The  Philadelphia  Elec.  Co. 

Have  the  customer's  connected  load  on  his  meter  card,  to- 
gether with  the  number  and  size  of  his  meter,  and  have  the  meter 
men  when  they  read  meters  ask  or  see  if  installation  has  any 
change ;  if  so  note  it  on  the  meter  card,  then  check  up  customer's 
card  index  system  in  the  office  with  the  meter  cards. 

F.  W.  Bullock. 

V.  2—31 
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Issue  numbered  cut-in  and  cut-out  orders,  and  keep  a  card 
index  arranged  geographically  according  to  the  streets,  the  order 
number,  and  the  installation,  and  the  date  of  cut-in  or  cut-out. 
Keep  a  weekly  summary  of  changes.  Douglass  Burnett. 


In  connection  with  our  engineering  department,  we  have  a 
series  of  cards  showing  the  connected  load  on  each  feeder  and 
each  transformer.  When  a  house  is  connected  the  amount  of 
installation  is  posted  to  the  feeder  record  and  to  the  transformer 
record  and  a  card  arranged  for  the  house,  so  that  by  reference  to 
this  record  we  at  all  times  know  the  connected  load  on  each  feeder 
and  on  each  transformer,  and  also  just  what  the  installation  is  at 
each  house.  When  the  house  is  disconnected  this  amount  is  de- 
ducted from  the  load  on  the  feeder  and  transformer. 

Frank  W.  Frueauff. 


Probably  the  best  method  of  keeping  connected-load  records 
is  to  use  a  book  with  columns  for  date,  consumer's  name  and  ad- 
dress, the  various  sizes  of  electric  lamps,  number  and  horse-power 
of  motors  and  total  horse-power,  fans,  meters,  and  several  columns 
for  miscellaneous  devices.  The  results  of  a  careful  census  are 
entered  on  the  first  line  under  each  of  the  above  headings.  Addi- 
tional customers'  names  and  installations  are  entered  in  black,  and 
those  of  customers  leaving  the  system  are  entered  in  red.  The 
totals  in  black  and  those  in  red  are  recorded  separately  at  the 
bottom  of  the  page  and  carried  forward  to  the  next  page  up  to  the 
end  of  the  month,  when  the  totals  in  red  are  subtracted  from  those 
in  black,  the  result  forming  a  starting  point  for  the  next  month. 

H.  T.  Hartman. 


Z  12.    Is  it  not  better  to  have  the  consumers'  ledger  segre- 
gated according  to  meter  route,  rather  than  alphabetically  T 

This  is  our  practice,  and  we  favor  it.  P.  H.  Korst. 


Consumers*  ledger  should  be  arranged  according  to  meter 
route.  Clayton  Geiger. 
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Posting  is  facilitated  by  having  consumers'  ledger  arranged 
according  to  meter  route,  but  in  this  case  every  consumer  should 
have  a  number,  so  that  his  place  in  the  ledger  can  be  readily 
found.  H.  J.  Meyer, 

Yes.  F.  Ellwood  Smith. 

An  arrangement  that  I  have  found  very  successful  is  as 
follows  : 

All  names  in  my  ledger  are  in  alphabetical  order.  I  have  the 
meters  divided  into  three  routes,  with  a  book  for  each  route. 
These  books  are  also  arranged  alphabetically  and  on  each  page  is 
the  number  of  the  ledger  page  on  which  that  account  is  to  be 
found ;  there  is  no  jumping  back  and  forth  when  I  am  transferring 
from  the  meter  book  to  the  ledger ;  I  can  see  at  a  glance  to  which 
page  of  the  ledger  to  turn,  and  still  the  arrangement  of  the  ledger 
is  not  disturbed. 

I  also  carry  my  index  along  from  page  to  page ;  the  pages  of 
the  meter  book  are  all  numbered,  and  on  each  page  I  have  in  small 
red  figures  the  number  of  the  page  on  which  is  found  the  next 
meter  to  be  read.  It  is  the  easiest  method  I  have  ever  tried,  far 
better  than  having  the  meter  books  arranged  in  the  order  in  which 
you  are  going  to  visit  the  meters,  because  it  is  so  easy  when  you 
come  to  do  your  book  work.  East  River  Elec.  Co., 

Per  Bookkeeper, 

Yes;  have  your  consumers'  ledger  segregated  according  to 
meter  route  and  use  a  regular  index,  as  this  will  enable  you  to 
enter  your  bills  more  rapidly  and  you  are  not  so  much  subject  to 
errors  as  you  would  be  otherwise.  Your  index  will  enable  you  to 
locate  your  consumers,  as  you  will  undoubtedly  have  them  num- 
bered. 

I  think  you  will  find  it  good  policy  to  run  your  meter  reader's 
books  in  regular  route,  also  your  transfer  meter  record,  as  by 
the  use  of  the  loose-leaf  system  you  can  easily  keep  them  straight ; 
or,  easier  yet,  use  an  addressograph  and  route  it  the  same  as  your 
meter  reader's  book,  and  you  will  find  it  a  very  rapid  way  of 
running  oflf  your  bills  and  then  making  your  transfer. 

Fred  M.  Lege,  Jr. 
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According  to  meter  route;  then  have  an  independent  card 
index  of  your  customers  for  reference,  and  arrange  your  meter 
trips  in  accordance  with  feeders  or  stations,  or  both,  to  enable  you 
to  make  a  comparison  between  kilowatt-hours  billed  and  kilowatt- 
hours  generated.  Douglass  Burnett. 

Yes,  decidedly.  Alex.  J.  Campbell. 

Years  of  practical  experience,  first  with  latter  and  afterward 
with  former  system,  cause  me  to  answer  emphatically,  Yes,  if  by 
'^according  to  meter  route''  is  meant  street  number.  Small  plants 
may,  perhaps,  use  the  alphabetical  system  to  better  advantage,  but 
with  a  material  number  of  accounts  I  would  advocate  segregating 
by  street  number  with  customers'  ledger  used  in  printed  form, 
allowing  two  years  with  five  changes  of  tenants  to  each  street 
number,  and  make  meter  route  conform  to  ledger. 

J.  W.  Clapp. 

Yes ;  because  when  consumers*  ledger  is  segregated  according 
to  meter  route  it  facilitates  the  posting  to  ledger  of  amount  due 
from  customer,  as  the  meter  sheets  are  written  up  according  to 
routes  or  days. 

The  bookkeeper  can  locate  an  account  practically  as  well, 
knowing  the  address  of  customer,  as  if  ledger  were  arranged 
alphabetically.  T.  J.  Walsh. 

In  electric  plants  of  any  size,  we  believe  it  absolutely  neces- 
sary to  route  consumers'  ledger  according  to  streets  rather  than 
alphabetically,  as  very  much  time  is  saved  in  posting  and  in  the 
making  of  bills.  It  is  also  much  easier  for  reference.  We  have 
our  contracts  arranged  alphabetically,  while  our  accounts  on  the 
books  are  arranged  geographically,  so  that  it  is  easy  to  locate  a 
consumer  if  we  only  know  his  name,  or  find  the  name  of  a  con- 
sumer if  we  only  know  the  house  number.  Much  time  can  be 
saved  by  running  the  ledger  geographically. 

Fr.\nk  W.  Frueauff. 
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T  1.  (a)  Is  a  day  service  justifiable  in  a  small  town^  and 
what  kind  of  power  business  can  be  worked  np;  (b)  what  kind 
of  power  rate  should  be  charged? 

No.  Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

This  question  brings  up  the  ever-present  "lap-load."  I  would 
advise  any  company  in  seeking  power  business  to  be  very  careful 
not  to  take  on  power  that  will  lap  over  into  the  lighting  period  too 
much  in  winter.  In  a  small  plant,  where  this  question  has  never 
been  taken  into  consideration,  this  may  seem  improbable,  but  it 
is  a  situation  to  be  avoided  if  possible,  as  it  necessitates  too  much 
idle  apparatus.  Geo.  6.  Lauder. 

We  have  serious  doubts  about  day  service  being  justified  in 
any  small  town  by  the  income  derived  unless  contracts  can  be  made 
with  a  number  of  power  users  who  will  use  power  regularly  every 
day.  The  class  of  business  that  is  generally  available  is  intermit- 
tent service  or  very  small  users,  and  even  at  a  relatively  high  rate 
the  total  income  will  not  be  sufficient  to  warrant  the  extra  expense 
for  labor,  fuel  and  depreciation.  Where  motors  are  very  small  or 
the  use  is  intermittent,  a  lo-cent  rate  should  be  low  enough  and  a 
five-cent  rate  should  be  the  very  lowest  limit. 

F.  L.  Williamson  &  Co. 

It  depends  entirely  on  whether  it  is  a  residential  or  a  manu- 
facturing town.  If  the  latter,  writer  thinks  it  is  justifiable  to  run 
day  service,  which  generally  leads  to  a  power  business.  As  to  the 
rate,  it  depends  entirely  on  the  hours  the  power  is  to  be  used  and 
also  upon  the  operating  expenses  of  the  plant. 

F.  C.  S.,  Malden  Elec.  Co. 

All  kinds  of  steam  plants  could  be  tested  to  see  the  cost  of 
operation  for  comparison  with  electric  motors. 

Augusta  Ry.  and  Elec.  Co. 
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It  depends  upc«i  lcx:al  conditions.  In  the  average  small  town, 
under  5000  population,  it  does  not  pay.  C.  W.  Koiner. 

(a)  It  is  justifiable  when  you  can  get  sufficient  business  to 
pay  expenses  and  a  reasonable  profit,  (b)  You  will  have  to  figure 
your  power  rates  from  your  expenses.  If  you  have  a  sliding 
schedule,  taking  into  account  as  a  justification  of  reduced  rates 
the  average  hours  of  daily  use  per  lamp,  adopt  the  same  schedule, 
less  the  cost  of  lamp  renewals.  Douglass  Burnett. 

T  2.  (a)  What  has  been  the  experience  of  central  stations 
in  thawing  ont  frozen  water  pipes  t  (b)  How  was  the  cnrrent 
limited  to  what  the  apparatus  would  stand? 

During  the  past  winter  we  have  done  a  very  profitable  busi- 
ness in  thawing  frozen  pipes.  This  work  was  begun  as  an  experi- 
ment, also  to  accommodate  a  very  good  customer  who  had  been 
without  water  at  his  residence  for  a  week  or  more.  The  success 
of  the  scheme  was  more  than  we  anticipated.  We  at  first  fitted  up 
a  rheostat  and  used  it  with  a  voltmeter  and  an  ammeter.  We  dis- 
carded this  outfit  after  a  short  time  in  favor  of  the  water  barrel. 

The  operator  usually  gauged  the  current  by  the  temperature 
of  the  wire  between  the  barrel  and  the  pipe.  (This  was  first  deter- 
mined by  the  ammeter.)  In  the  direct-current  district  the  water 
barrel  was  the  only  apparatus  necessary.  In  the  alternating-cur- 
rent district  we  used  a  iS-kw,  2000-100  transformer,  using  our 
water  barrel  for  controller.  Our  secondary  main  was  a  No.  4. 
The  majority  of  the  pipes  were  0.75-inch;  several  were  0.5-inch. 
One  was  a  five-inch  main,  supplying  an  automatic  sprinkler  sys- 
tem. There  was  also  a  1.5-inch  main  500  feet  in  length,  supplying 
several  dwellings. 

We  make  a  standard  charge  of  $7.50  for  each  pipe.  Where 
two  houses  are  on  the  same  service  we  make  a  reduction.  In  fact, 
we  usually  charge  to  suit  the  conditions,  depending  upon  the  time 
necessary  to  get  our  apparatus  connected.  Some  pipes  would  cost 
$5.00;  some  $15.  We  averaged — after  deducting  entire  labor 
charge — something  over  50  cents  per  kilowatt-hour. 

A  very  nice  arrangement  for  this  work  would  be  to  have  a 
lo-kw  transformer,  thfe  secondary  wound  for  50-100-200  volts. 
This  could  be  used  for  regular  work  in  case  of  emergency.    Then 
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wind  a  reactance  coil  for  250  amperes.  This  coil  would  be  the 
only  part  of  the  investment  chargeable  to  this  special  work.  There 
is  no  doubt  that  this  practice  of  thawing  water  pipes  can  not  only 
be  made  profitable  to  electric  companies,  but  the  public  would  be 
willing  to  pay  a  good  price  for  the  service,  as  the  expense  involved 
in  digging  up  frozen  ground  usually  runs  into  large  figures,  to  say 
nothing  of  having  the  street  and  pavement  torn  up  for  several 
months.  D.  Clinton  Shain. 


Our  experience  has  been  that  it  is  very  profitable  and  satis- 
factory. We  have  a  complete  outfit  for  this  work,  using  alternat- 
ing current  at  55  volts,  which  we  control  by  reactive  coils  in  the 
secondaries  from  transformers.  With  this  pressure,  any  ordinary 
o.7S-inch  iron  service  pipe  about  125  feet  long  will  thaw  out  with 
135  amperes  in  from  four  to  eight  minutes.       Chas.  H.  Peters. 

In  thawing  out  water  pipes  we  have  used  an  automobile- 
charging  rheostat  for  a  short  run  of  small  pipe.  Where  larger 
amount  of  current  is  necessary  we  have  used  water  rheostat.  Our 
service  is  direct-current,  1 10  and  220  volt. 

F.  L.  Williamson  &  Co. 


The  central  stations  that  have  judiciously  executed  work  in 
thawing  out  frozen  water  pipes  have  found  it  quite  profitable.  It 
is  necessary  to  use  judgment  in  the  work,  or  damage  to  property 
may  result.  Limiting  the  current  is  readily  accomplished  by  using 
a  suitable  rheostat.  An  ampere  meter  ought  to  be  in  circuit  so 
that  the  current  flow  may  be  constantly  observed,  and  judgment 
should  be  applied  in  determining  how  much  current  may  be  safely 
used  at  any  particular  place.  Dugald  C.  Jackson. 

The  experience  of  two  seasons  shows  the  electrical  method 
to  be  the  quickest  and  the  cheapest  way  for  the  work  to  be  done. 
The  results  were  satisfactory.  When  the  current  was  taken  from 
the  system  a  water  rheostat  was  used  to  regulate  the  current. 
When  storage  cells  were  used  they  were  variously  connected  so 
that  different  voltages  could  be  applied  to  the  frozen  pipe. 

C.  W.  R.,  N.  Y.  Ed.  Co. 
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Y  3.  Will  a  small  central  station  operating  1100  to  S2 
Tolts,  12S  cycles,  be  warranted  in  changing  oyer  to  2200,  230- 
115  Tolts,  60  cycles,  when  transformers  are  all  old,  bnt  watt- 
meters comparatiyely  new  (commntator  type)  t  Power  business 
of  little  consequence;  no  day  circuit  at  present. 

Yes;  such  a  station  would  be  warranted  in  changing  frcwn 
IIOO-5S  volts  to  2200-230-115  volts,  and  from  125  cycles  to  60 
cycles,  for  the  following  reason :  With  the  same  amount  of  wire 
in  primary  lines,  practically  twice  the  amount  of  current  could  be 
carried  with  the  same  drop;  the  reactive  effect  would  be  also  re- 
duced. A  lot  of  small  old-type  transformers  are  anything  but 
economical  to  operate,  and  any  wattmeter  built  for  55  volts  should 
be  capable  of  standing  no  to  115  volts  without  injury,  or  the 
voltage  coils  could  be  changed  at  small  expense. 

Cost  of  new  transformers,  each  capable  of  feeding  a  block  or 
two  both  ways,  and  cost  of  three-wire  secondary,  would  be  more 
than  offset  by  the  advantages  gained.  Chas.  H.  Peters. 

Yes,  if  plant  is  a  growing  one. 

Charleston  Consol.  Ry.,  Gas  and  Elec.  Co. 

If  the  station  is  small,  the  outlying  distances  can  not  be  great, 
therefore  why  not  scrap  the  transformers  if  very  old  ?  if  not,  place 
primaries  of  two  transformers  in  multiple  and  secondaries  in 
series,  getting  104  volts,  and  use  two-wire  secondaries  instead  of 
three-wire  as  proposed.  If  transformers  are  worthless,  and  iioo- 
volt  generator  is  in  good  shape,  get  new  transformers  to  give  you 
100  volts  or  104  volts  and  have  armature  circuits  of  wattmeters 
changed  for  104  volts,  or,  if  two  old  transformers  are  used  to  give 
104  volts,  run  a  52-volt  wire  out  of  centre  of  secondaries  and  con- 
nect armature  from  one  side  to  this  wire.  This  will  give  half  the 
voltage  on  armature,  and  by  multiplying  reading  by  constant  2 
you  will  get  things  about  right.  A.  Peters. 

Transformers  could  be  purchased  for  low  frequency  or  high 
frequency  without  other  changes  at  the  present  time. 

Augusta  Ry.  and  Elec.  Co. 

Should  not  change  frequency,  but  should  purchase  new  type 
low-frequency,  6o-cycle  transformers  and  weed  out  the  smaller 
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ones  gradually,  making  the  secondary  52-104  volts  three-wire. 
No  advantage  in  60  cycles  for  lighting  over  125,  and  transformers 
more  efficient  at  125.  Geo.  N.  Tidd. 

Where  power  or  inductive  load  is  little  used,  there  is  little 
gained  by  changing  from  125  to  60  cycles.  The  voltage  should  be 
gradually  brought  up  to  230-1 15-volt,  which  can  be  done  with 
present  primary  voltage,  and  all  transformers  changed  if  excessive 
core  loss  demands.  The  50- volt  (commutator  type)  meters  can 
be  changed  to  loo-volt  at  a  cost  of  $6.00  each.  R.  V.  West. 

Y  4.  What  is  the  practice  in  inspecting  wiring  in  a  house 
wired  when  built,  but  to  which  current  is  not  supplied  until 
several  years  later?  What  charge,  if  any,  should  be  made  to 
the  customer  ? 

We  inspect  for  insurance  company,  but  make  no  charge; 
simply  record  result  of  inspection. 

Augusta  Ry.  and  Elec.  Co. 

Follow  the  National  Code,  and  maintain  an  inspection  system, 
unless  that  is  provided  for  by  the  municipality  or  underwriters,  or 
both.  Douglass  Burnett. 

The  practice  would  largely  depend  upon  the  requirements 
of  the  local  underwriters'  association.  The  practice  in  Phila- 
delphia is  to  have  the  company's  inspector  examine  the  wiring  and 
test  for  grounds,  et  ccBtera,  and  advise  the  consumer  of  any  neces- 
sary changes  that  must  be  made,  or  make  the  changes  at  the  con- 
sumer's expense.  A  reinspection  by  the  Underwriters'  association 
is  usually  necessary;  the  cost  of  such  inspection  is  paid  by  the 
consumer.  The  Philadelphia  Elec.  Co. 

No  charge.  F.  C.  S.,  Malden  Elec.  Co. 

Y  S.  In  a  town  of  10,000  people,  should  a  lighting  com- 
pany do  house  wiring  and  deal  in  fixtures  f 

By  all  means;  and  do  your  wiring,  and  sell  your  fixtures 
at  cost.    When  wiring  is  left  to  small  contractors,  they  naturally 
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figure  upon  wire  just  large  enough  for  present  requirements^ 
when,  if  town  is  growing,  increased  demand  for  light,  such  as 
enclosed  arcs,  would  be  liable  to  overload  wires,  and  the  lighting 
company  has  to  listen  to  endless  kicks  about  poor  lights,  et  ccetera, 
to  say  nothing  of  danger  from  wires  overheating.  By  wiring  at 
cost,  the  lighting. company  can  make  ample  provision  for  addi- 
tional lights,  which  is  to  its  advantage  in  the  near  future.  In 
larger  cities,  inspectors  see  that  wiring  complies  with  their 
requirements,  and  in  such  cases  it  is  better  for  wiring  contractors 
to  do  the  work.  Chas.  H.  Peters. 

If  the  lighting  company  can  not  get  business  without  doing 
this,  I  should  think  that  it  would  be  advisable  to  do  so. 

F.  C.  S.,  Malden  Elec.  Co. 

By  all  means,  unless  it  would  be  to  the  detriment  of  a  real 
live  wiring  and  supply  house  already  established  there. 

A.  C.  Greenman. 

Our  town,  Corsicana,  Texas,'  has  just  about  10,000  inhabi- 
tants, and  we  have  found  it  not  only  necessary,  but  eminently  to 
our  advantage  to  do  wiring.  There  is  so  little  to  be  done  that 
an  independent  supply  dealer  could  hardly  aflFord  to  be  honest 
and  remain  in  business,  and  the  company  would  reap  the  benefit 
of  what  misdeeds  he  might  be  guilty  of.  We  have  been  through 
this.  W.  H.  Thomson,  Jr. 

We  find  it  much  to  our  advantage  to  do  so. 

A.  R.  MacKinnon. 

If  it  is  necessary  to  push  the  business  and  keep  charges 
within  reason.  Augusta  Ry.  and  Elec.  Co. 

In  a  town  of  10,000  a  good  method  of  getting  business  would 
be  for  the  company  to  do  wiring  and  sell  fixtures  on  the  install- 
ment plan.  That  is,  should  a  prospective  customer  desire  service, 
whose  house  had  not  been  wired  and  who  did  not  feel  like 
spending  the  amount  at  one  time  necessary  to  wire  the  house, 
the  company  should  make  an  estimate  on  cost  of  doing  the  work, 
allowing  the  customer  to  pay  a  small  amount  down  and  the  balance 
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in  monthly  installments,  but  the  company  should  not  do  the  work 
itself  but  rather  let  it  out  by  contract  to  some  local  wiring  concern. 

F.  G.  Proutt. 

No.  C.  M.  Wright. 

No.  Throw  it  to  a  good  wiring  and  supply  man,  who  will 
in  turn  develop  business  for  the  central  station. 

L.  W.  Emerick. 

T  6.  Is  it  advisable  to  oharge  a  S-per-oent  penalty  for  non- 
payment of  bills  within  ten  days  from  date? 

No;  it  can  not  be  collected  legally.  Experience  has  proven 
this.  J.  T.  Cowling. 

This  company  finds  it  advisable  to  charge  at  least  a  10  per 
cent  penalty  for  non-payment  of  bills  after  ten  days  from  date. 

W.  H.  Zimmerman. 

In  this  state  (Pennsylvania)  it  has  been  adjudged  unlawful 
to  collect  a  penalty  for  tardy  pa3rment  of  a  water  bill,  metered 
service.  We,  therefore,  doubt  if  a  five  per  cent  penalty  could 
lawfully  be  collected  anywhere.  It  is  much  better  to  allow  a  dis- 
count for  prompt  payment,  fixing  the  rate  to  correspond  to  the 
added  penalty.  R.  Louis  Lloyd. 

It  is  illegal  to  charge  penalty  for  non-payment  of  bill.  Better 
raise  rates  and  give  discount  for  cash  payment. 

Augusta  Ry.  and  Elec.  Co. 

I  believe  that  a  cash  discount  of  ten  per  cent  allowed  on  or 
before  the  15th  of  the  month  is  a  most  satisfactory  method  of 
bringing  about  prompt  collections.  R.  V.  West. 

No,  it  is  not  advisable  to  charge  any  penalty  for  non-payment 
of  bills,  but  it  certainly  is  advisable  to  give  a  discount  of  five  per 
cent  or  even  ten  per  cent  for  payment  in  ten  days.  We  find  it 
has  made  a  great  difference  in  our  collections.  S.  R.  Inch. 
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No ;  eliminate  bad  accounts.  Douglass  Burnett. 

T  7.  (a)  What  amount  per  16-op  equiyalent  of  new  bnsi- 
nets  obtained  do  yon  spend  for  soliciting  and  for  advertising  T 
(b)  Wonld  yon  consider  it  advisable  to  increase  or  to  decrease 
either  or  both  of  these  items! 

T  8.  (a)  Do  yon  charge  for  cutting  of  wires  in  connection 
witii  moving  of  houses?  (b)  Do  yon  collect  damages  for  shut- 
downs T    (c)  Have  you  ordinances  regulating  moving  of  houses? 

All  time  over  two  hours  is  charged  for  at  each  crossing. 

Fred  H.  Beck. 

We  have  city  ordinances  governing  the  moving  of  houses, 
in  which  the  house-mover  notifies  the  electric  company  and  the 
electric  company  is  compelled  to  cut  its  wires  and  again  make 
repairs,  but  at  the  expense  of  the  house-mover. 

The  Colorado  Springs  Elec.  Co. 

We  have  no  ordinance  in  Corsicana  regarding  house-mov- 
ing, but  have  consistently  collected  for  all  work  done  letting 
house-movers  through  leads  and  have  charged  for  shut-downs 
when  unable  to  prevent  them.  W.  H.  Thomson,  Jr. 

We  always  move  our  wires  free  of  charge,  when  in  the  way 
of  moving  buildings  or  the  taking  down  of  trees. 

G.  B.  Leland. 

The  owner  or  contractor  should  sign  an  agreement  promising 
to  repay  the  company  for  the  actual  expense  incurred  caring  for 
the  company's  wires.  The  company  should  be  paid  for  the  loss 
incurred  by  such  shut-downs.  Some  street-lighting  contracts 
provide  that  the  company  shall  cut  its  wires  and  allow  for  moving 
buildings,  but  the  person  moving  the  building  must  repay  the 
company  this  expense.  At  least  one  city  refuses  to  issue  a  permit 
for  the  moving  of  buildings  until  satisfactory  arrangements  have 
been  made  with  the  company  for  caring  for  these  wires. 

F.  Ell  wood  Smith. 
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We  always  charge  for  this  work,  but  have  not  been  able  to 
collect  a  single  bill.  An  ordinance  was  passed  but  was  found  to 
be  defective  and  could  not  be  enforced.  L.  E.  Watson. 


According  to  the  laws  of  Massachusetts  any  building-mover 
or  owner  who  wants  to  move  a  building,  or  cut  wires,  or  remove 
poles,  or  both,  et  ccetera,  may  do  so  at  his  own  expense,  providing 
that  he  has  given  the  company  twenty-four  hours'  notice,  in  writ- 
ing, to  the  effect  that  he  desires  to  do  so,  at  the  company's  office, 
or  has  deposited  such  a  statement  in  the  post-office,  properly  pre- 
paid, and  directed  to  the  company  at  its  office,  three  days  before 
the  day  or  night  on  which  he  wishes  to  cut  the  wires  or  remove 
the  poles. 

In  case  a  building-mover  or  owner  wishes  to  remove  our 
wires  to  permit  of  a  building-moving  operation  he  may  do  so, 
providing  he  has  notified  the  company's  office  in  writing,  as  per 
the  statute,  not  by  word  of  mouth  or  by  telephone,  but  in  Tvriting 
to  that  effect,  at  his  own  expense  and  risk.  If,  however,  the  wires 
and  poles  are  cut  or  removed  contrary  to  the  law,  the  party 
having  charge  of  the  building  operations  is  subject  to  a  punish- 
ment by  a  fine  of  not  more  than  $500  or  by  imprisonment  of  not 
more  than  two  years,  or  by  both  such  fine  and  imprisonment. 

How  to  Proceed  on  Such  a  Case 

Upon  receipt  of  written  or  other  notice  from  the  building- 
mover  or  owner,  notify  the  building-mover  and  owner,  in  writing, 
that  we  will  cut  the  wires  or  poles,  charging  him  the  actual  cost 
to  us  of  so  doing,  providing  he  will  pay  in  advance  a  sum  suffi- 
ciently large  to  cover  all  expense  and  will  sign  a  paper  which 
we  will  provide  agreeing  to  pay  for  all  subsequent  damages. 

Should  the  building-mover  or  owner  refuse  to  pay  the  costs 
in  advance  or  to  sign  the  agreement  to  assume  all  subsequent 
damages  and  should  he  decide  to  cut  the  wires  and  poles  at  his 
own  expense  our  linemen  are  to  be  sent  to  the  spot  when  the 
wires  are  to  be  cut.  Our  linemen  are  not  to  assist  in  any  manner 
in  cutting  the  wires  and  poles  or  replacing  same,  but  are  to  repair 
any  damage  that  may  be  done ;  that  is  to  say,  should  the  building- 
mover  or  owner  after  cutting  the  wires  and  moving  the  building 
refuse  or  fail  to  put  back  the  wires  the  company's  men  are  to  put 
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them  back  themselves  after  first  having  inquired  of  the  building- 
mover  or  owner  his  intention  regarding  same. 

F.  C.  S.,  Malden  Elec  Co. 


T  9.  An  eleotric-lighting  company  has  a  20-year  franchise 
granting  the  right  to  use  one  side  of  the  alleys  for  erection  of 
its  pole  lines.  Has  any  other  company,  either  lighting,  tele- 
phone or  telegraph,  the  lawful  right  to  use  the  same  side  of 
the  alley  by  placing  its  poles  between  the  wires  of  the  first- 
mentioned  company  after  said  company  has  had  its  pole  line 
erected  and  in  operation  t  What  is  the  experience  of  otiiers  in 
regard  to  snch  interference  t 

If  a  second  company  has  received  a  franchise  to  erect  poles 
and  string  wires,  it  would  seem  that  first  company  did  not  receive 
an  exclusive  franchise,  and  therefore  is  apparently  unable  to 
prevent  second  company  from  erecting  poles  between  its  wires, 
and  stringing  wires  above  or  below  them.  Of  course,  first  com- 
pany should  be  able  to  claim  damages  for  any  injury  done  to 
its  poles,  wires,  or  service  by  second  company.  The  point  at  issue 
would  appear  to  be — did  the  city  grant  the  first  company  a 
definite  side  of  the  alleys  on  which  to  erect  poles  and  string  wires, 
or  simply  say  "one"  side  ?  If  the  former,  it  would  seem  to  imply 
an  exclusive  franchise;  if  the  latter  it  would  appear  to  be  open 
to  question.  Chas.  H.  Peters. 


If  the  old  company  can  prove  that  the  new  company  has 
injured  its  property,  limited  its  capacity,  or  in  any  way  endan- 
gered its  service  or  its  employees,  the  courts  would  doubtless 
give  it  redress.    Otherwise  there  would  seem  to  be  no  recourse. 

H.  T.  Hartman. 


T  10.    Which  is  better  practice— -to  chai^  for  the  fittings 
of  the  Heridian  lamp  or  furnish  them  freef 


We  furnish  the  Meridian  lamp  and  the  fittings  free  of  charge. 

United  Elec.   Lt.   Co. 
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We  charge  for  the  first  complete  Meridian  lamp,  then  renew 
free.  This  can  only  be  done,  however,  when  you  get  full-rated  life 
from  the  lamps.  J.  W.  Cartwright,  Jr. 

Charge  for  the  fittings.  Dougl-\ss  Burnett. 

It  is  customary  to  charge  for  the  fittings  and  the  first 
installation  of  Meridian  lamps  and  furnish  part  of  the  renewals 
free,  or  all  of  them,  depending  upon  the  price  received  for  cur- 
rent. C.  W.  Koiner. 

Charge  the  consumer  cost  price  and  nine  out  of  every  ten 
wiir think  just  as  much  of  the  company  as  though  you  installed 
them  free,  for  as  a  rule,  they  figure  that  when  a  company  gives 
them  something  for  nothing,  there  must  be  something  wrong 
and  that  they  may  be  charged  for  it  two  or  three  times  on  their 
light.  C.  M.  Wright. 

T  11.  Who  pays  for  the  street  connection,  the  light  com- 
pany or  the  consumer;  that  is,  what  is  the  prevailing  rule? 

The  lighting  company,  as  a  rule,  pays  for  the  street  con- 
nections. Madison  Lt.  and  Ry.  Co. 

Street  connection  without  charge  to  consumer,  but  a  service 
charge  made  of  $2.00  if  service  is  discontinued  before  three 
months.  The  Colorado  Springs  Elec.  Co. 

Lighting  company  should  stand  expense  of  connection  from 
street  to  buildings.  Chas.  H.  Peters. 

In  our  case  the  company,  which  the  writer  thinks  is  the 
prevailing  rule.  F.  C.  S.,  Malden  Elec.  Co. 

It  is  the  rule  of  this  company  to  install  meters  and  pay  for 
street  connection.  W.  H.  Zimmerman. 

We  nm  wires  to  house  free  and  connect  to  wires  brought 
out  by  contractor.  Andrew  F.  Hall. 
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The  company  does  the  connecting.  J.  F.  Dostal. 

We  provide  street  connection  without  any  expense  to  the 
customer.  United  Elec.  Lt.  Co. 

The  light  company  generally  owns  the  service  wires  up  to 
and  including  the  meter.  L.  E.  Watson. 

The  company  should  pay  for  the  street  connection  in  practi- 
cally all  cases  and  do  everything  else  that  may  be  necessary  to 
induce  customers  to  use  current.  F.  G.  Proutt. 

The  lighting  company.  F.  W.  Bullock. 

The  lighting  company  should  own  all  service  wires  up  to  the 
building,  as  they  are  a  part  of  your  system  and  you  have  a 
franchise  for  the  privilege  of  placing  same,  while  the  consumer 
has  not.  E.  A.  Bechstein. 

The  company,  if  it  is  awake  and  after  business. 

R.  V.  West. 

The  company  should  run  service  connections  and  set  the 
meters  at  its  own  expense.    This  is  the  common  rule. 

C.  W.  KOINER. 

Y  12.  (a)  Is  it  common  practice  among  central-station 
managers  to  fnmish  free  arc  lamps  on  their  commercial  lines — 
i.  e.,  the  company  pays  the  purchase  price  and  the  arc  lamps 
remain  the  property  of  the  company?  (b)  Are  they  as  a  rule 
pnt  on  flat  or  meter  rate,  and  what  is  the  usual  rate  chai^d 
on  either? 

(a)  We  furnish  the  arc  lamps  and  repairs  on  the  same  free 
of  charge,  (b)  Generally  on  a  meter  basis,  at  the  same  rate  as 
incandescent  lighting.  The  Colorado  Springs  Elec.  Co. 

(a)  We  furnish  arc  lamps  without  charge  for  the  lamp  and 
it  remains  the  property  of  the  company.     The  wiring,  however, 
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is  paid  for  by  the  consumer,     (b)  As  we  operate  night  and  day> 
all  arc  lamps  are  on  meters  at  the  regular  commercial  rate. 

F.  L.  Williamson  &  Co. 


(a)  Yes.     (b)  Entirely  meter  rate. 

F.  C.  S.,  Malden  Elec.  Co. 

This  company  has  a  rate  at  which  it  rents  arc  lamps  on 
commercial  lines,  the  charge  being  50  cents  per  month,  either  on 
flat-rate  or  meter  rate.  W.  H.  Zimmerman. 

(a)  We  supply  arc  lamps  to  consumers  free,  they  paying  for 
wiring,  et  ccBtera.  (b)  We  keep  lamps  trimmed  and  in  good 
shape  and  charge  meter  rate;  twelve  and  a  half  cents  per  kilo- 
watt-hour for  first  50  hours  per  month,  then  seven  cents  pep 
kilowatt-hour.  A.   Peters. 

We  install  arc  lamps  free  and  charge  regular  rates  subject 
to  discount  for  amount  used  as  registered  by  meter. 

Andrew  F.  Hall. 

(a)  The  company  owns  the  lamps  and  installs  them,  (b) 
They  should  be  put  on  a  flat-rate  or  else  on  a  meter  rate  with  a 
minimum  or  trimming  charge.  J.  F.  Dostal. 

Lighting  company  buys  and  controls  arc  lamps  with  a  view 
of  building  up  a  business.  The  matter  of  installation  on  this 
class  of  business  should  certainly  be  of  a  free  character  to  the 
customer.  C.  C.  Gartland. 

To  induce  business  it  has  been  found  advantageous  for  the 
company  to  furnish  arc  lamps  on  a  minimum  monthly  charge  of 
$3.00  where  current  is  sold  by  meter.  Commercial  arc  lighting 
is  usually  handled  by  meter — occasionally  flat-rates;  rates  gov- 
erned entirely  by  local  conditions.  R.  V.  West. 

It  is  common  practice  for  the  company  to  purchase  the  arc 
lamps  and  retain  ownership  of  same.  The  alternating-current 
arcs,  which  are  mostly  used  now,  are  as  a  rule  placed  on  meter 

V.  2—32 
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rates,  while  the  direct-current  series  arcs  are  placed  on  flat-rates ; 
though  the  latter  are  little  used  now  for  commercial  lighting. 

C.  M.  Wright. 


As  this  placing  of  lamps  on  the  lines  and  renewing  them 
without  charge  and  renewing  them  is  a  special  service,  and  repre- 
sents discrimination,  there  might  well  be  a  separate  charge, 
though  in  practice  it  seems  better  to  cover  this  merely  by  means 
of  a  minimum  charge  of,  say,  a  dollar  per  lamp  per  month. 

Douglass  Burnett. 

T  13.  Under  what  conditions  is  a  small  central  station  at 
present  equipped  with  133-cycle  apparatus,  justified  in  changing 
over  to  60-cycle? 

With  a  steadily  increasing  load,  and  especially  with  an 
inductive  load  such  as  is  caused  by  small  motors  and  arc  lamps, 
the  reactive  drop  in  lines  on  133  cycles  might  become  a  serious 
factor,  and  under  such  conditions  a  company  would  be  justified 
in  making  the  change.  It  should  also  be  remembered  that  small 
motors  operate  more  satisfactory  on  60  cycles  single-phase,  than 
on  133  cycles  single-phase.  On  the  other  hand,  Nernst  lamps 
appear  to  have  a  longer  life  on  133  cycles  than  on  60  cycles. 

Chas.  H.  Peters. 

Do  not  know  of  any  reason  whereby  a  company  would  be 
justified  in  making  this  change,  unless  they  could  get  considerable 
motor  load.  F.  C.  S.,  Malden  Elec  Co. 

Only  in  case  a  power  load  can  be  worked  up. 

G.  B.  Leland. 

Y  14.  What  particular  characteristics  as  to  age,  tempera- 
ment and  education  do  you  consider  most  desirable  and  practicable 
in  men  for  operating  stations  and  substations? 

The  best  method  of  employing  labor  is  the  apprenticeship 
system,  securing  as  far  as  possible  young  men,  making  them 
serve  in  the  various  departments,  say  six  monttys  in  each,  and 
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increasing  their  salary  as  they  become  more  proficient  These 
young  men  before  starting  should  have  at  least  entered  a  high 
school  and  should  be  of  good  habits.  F.  G.  Proutt. 

T  15.  What  set  of  written  or  printed  mlei  and  regulations 
are  in  nse  by  eleotric-light  eompanies,  eovering  the  government 
of  employees,  also  as  to  proper  preoantions  to  be  taken  in  doing 
hazardous  work,  eto.f 

W.  J.  Buckley  has  gotten  out  a  book  containing  a  number  of 
rules  formerly  used  by  Mr.  Jas.  I.  Ayer  when  in  charge  of  one 
of  the  St.  Louis  lighting  companies. 

Augusta  Ry.  and  Elec  Co. 

Y  16.  Is  it  advisable  to  make  a  rebate  to  hold  the  eon- 
snmer  in  ease  of  a  large  bill,  when  the  meter  and  meter  readings 
are  known  to  be  eorreotf 

It  is  not,  unless  you  are  "hunting  trouble"  or  wish  to  estab- 
lish a  new  line  of  rates  applying  to  a  certain  class  of  customers. 

Ralph  R.  Laxton. 


If  meter  reading  and  meter  are  correct,  the  consumer,  if  a 
good  one,  should  pay  his  bill  and  say  nothing  more  about  it. 
If  a  rebate  should  be  allowed,  he  would  very  likely  come  to  the 
conclusion  that  the  company  was  wrong,  but  did  not  want  to 
own  up  to  it.  Clayton  Geiger. 

Usually  it  is  not,  as  other  customers  hear  of  the  reductions 
and  then  there  is  no  end  of  trouble.  A  good  strong  argument 
will  cover  this  in  almost  every  case  and  a  manager  should  always 
ask  himself — Why  should  you  give  in  when  you  know  you  are 
absolutely  correct  and  the  consumer's  failure  to  be  convinced  is 
the  cause  of  the  trouble?  William  M.  Lewis. 

Circumstances  should  determine  this.  A  satisfied  customer 
is  a  most  valuable  asset  and  it  is  always  best  to  satisfy  your 
customers,  if  possible.  F.  Ell  wood  Smith. 
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There  are,  no  doubt,  circumstances  and  conditions  that  very 
closely  resemble  excuses  for  giving  a  consumer  a  rebate  if  he 
makes  a  complaint  about  the  cost  after  he  has  consumed  a  large 
amount  of  current.  For  instance,  if  the  plant  is  young  and  you 
are  trying  to  get  a  load  for  your  machines  and  increase  business 
you  hate  to  let  go  of  a  customer  after  once  getting  him.  It  is  a 
universal  idea  among  consumers  of  current  that  it  costs  nothing 
to  produce;  that  the  price  they  are  charged  for  it  is  a  purely 
arbitrary  one,  based  on  nothing  but  the  greed  of  the  stockholders ; 
that  after  the  machines  are  started  it  costs  no  more  to  supply  the 
whole  town  than  to  supply  one  street.  They  also  have  their  own 
ideas  about  the  meters.  They  think  they  are  for  nothing  but  to 
make  the  bill  higher,  that  the  reading  of  them  is  all  guesswork. 
Suppose  a  man's  bill  is,  say,  $25.00  and  when  he  makes  a  kick 
you  take  off  $5.00 ;  it  doesn't  satisfy  him ;  it  simply  confirms  his 
suspicions  about  the  cheapness  of  the  stuff,  of  the  worthlessness 
of  the  meter,  or  both:  but  if  you  can't  get  one  price  you  will 
take  another.  He  feels  that  by  resisting  the  hold-up  he  prevented 
you  from  gouging  him  quite  as  deeply  as  you  wanted  to  do,  but 
still  he  wasn't  able  to  protect  himself  against  being  plundered  a 
little;  but  he  resolves  that  he  will  be  next  time,  and  he  tells  his 
neighbors  and  friends,  and  you  find  that  you  have  increased  your 
trouble  instead  of  decreasing  it.  I  have  had  people  insinuate  all 
these  things  at  one  time  or  another.  Would  it  not  be  better,  by 
heart-to-heart  talks,  by  liberal  investments  in  printer's  ink,  and 
by  firmly  but  courteously  refusing  to  give  any  unusual  discounts, 
to  educate  the  public  to  know  that  the  same  principles  apply  to 
the  electrical  business  that  apply  to  any  other  mercantile  business ; 
that  the  outfit  and  supplies  cost  big  money ;  that  the  cost  of  coal 
and  water  bears  a  direct  relation  to  the  amount  of  current  fur- 
nished, and  that  the  price  charged  is  based  entirely  on  the  cost 
of  running,  interest  on  first  cost,  and  such  items  ?  The  experience 
I  have  had  leads  me  to  believe  that  it  would  and  that  the  person 
is  better  satisfied  and  gets  a  higher  opinion  of  you  and  of  the 
business  if  you  firmly  refuse  to  take  anything  off  his  bill,  even 
if  he  cuts  out.  The  chances  are  that  he  will  continue  to  use  his 
lights  and  use  them  more  economically,  and  you  will  have  a  friend. 

East  River  Elec.  Co. 

Collector. 
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Never;  for  when  you  do,  you  have  simply  acknowledged 
that  your  meter  is  subject  to  errors  and  the  consumer  never 
forgets  it  and  also  takes  a  delight  in  telling  his  friends ;  whereas 
if  you  hold  your  own  he  will  come  across  and  if  he  doesn't  he  will 
never  tell  how  it  happened.  Fred  M.  Lege^  Jr. 

No;  adhere  to  your  meter  system  as  your  sole  standard  of 
rendering  bills.  Douglass  Burnett. 

If  you  are  positive  the  bill  is  correct,  get  the  full  amount. 
Pay  for  what  you  get  and  get  paid  for  what  you  sell.  A  rebate 
on  a  bill  of  this  kind  will  bring  others  of  the  same  nature  to  you. 

E.  A.  Bechstein. 

No;  stand  by  your  records  absolutely;  but  every  station 
should  have  such  a  scale  of  rates  that  the  large  customer  will 
receive  the  benefit.    Contract  should  be  adhered  to. 

J.  W.  Clapp. 

The  writer  believes  that  it  is  advisable  to  make'  a  rebate  to 
bold  a  constmier  in  case  of  a  large  bill  when  the  meter  and  meter 
readings  were  known  to  be  correct,  although  he  does  not  recom- 
mend indiscriminate  rebates  or  the  offering  of  rebates  unless 
after  a  long  argument  and  collateral  evidence  it  has  beccune  thor- 
oughly sure  that  the  business  will  be  lost;  then,  while  saving 
your  position,  it  should  be  considered  merely  as  a  matter  of  good 
business  policy  in  keeping  your  income.     John  F.  Gilchrist. 

Y  17.  Is  it  good  practice  to  insist  on  deposits  from  all  con- 
sumers irrespective  of  their  standing  in  the  oommnnity,  and  if 
so,  should  the  deposit  be  in  proportion  to  the  installation? 

In  most  places,  to  demand  deposits  of  persons  with  estab- 
lished credit  would  greatly  retard  the  growth  of  the  business. 

Ralph  R.  Laxton. 

Yes.  Clayton  Geiger. 

A  deposit  should  be  demanded  of  every  new  customer  who 
is  a  stranger  in  the  town  and  who  can  not  furnish  a  security  slip 
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signed  by  some  responsible  person  in  the  town  who  is  known  to 
the  company.  The  deposit  should  be  in  proportion  to  the  installa- 
tion. William  M.  Lewis. 

The  question  of  requiring  deposits  irom  property  owners 
seems  to  me  to  be  a  matter  of  policy.  In  my  opinion,  the  best 
place  to  draw  a  line  is  between  property  owners  and  renters. 

H.  J.   GiLLE. 

Yes;  with  a  few  exceptions,  and  they  should  be  where  you 
feel  that  the  man  might  be  of  some  value  to  you,  for  if  you  figure 
up  your  deposits  you  will  see  that  the  interest  on  same  will  help 
you  to  a  great  extent  and  enable  you  to  put  your  meters  out  with- 
out charging  rent.  Fred  M.  Lege,  Jr. 

We  believe  it  very  doubtful  practice  to  exact  deposits  from 
all  consumers.  We  believe  this  matter  should  be  treated  as  the 
matter  of  credit  would  be  treated  in  a  mercantile  establishment. 
If  the  consumer  has  established  credit  with  the  company  or  brings 
good  references,  he  should  be  extended  the  usual  credit.  If  his 
past  record  is  bad  or  the  business  such  as  to  make  his  account 
doubtful,  he  should  be  asked  to  make  a  deposit.  In  taking  a 
deposit,  we  believe  it  should  be  based  on  the  probable  amount  of 
his  account  rather  than  on  the  size  of  the  installation. 

Frank  W.  Frueauff. 


The  writer  believes  that  the  general  asking  of  deposits  is 
detrimental  to  the  best  interests  of  the  business.  It  will  probably 
always  be  necessary  to  ask  deposits  in  some  cases ;  but  so  far  as 
possible,  deposits  should  be  avoided  and  the  deposit  account  kept 
down.  John  F.  Gilchrist. 

Get  deposits  only  from  customers  with  doubtful  credit,  and 
only  as  a  protection  to  that  customer's  account. 

Douglass  Burnett. 

Good  policy  would  be  to  require  no  deposit  from  property 
owner  or  reliable  tenant — in  the  latter  case,  especially  if  owner 
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becomes  guarantor  for  company's  property;  irresponsible  con- 
sumer should  be  required  to  make  deposit  proportionate  to  prob- 
able consumption.  J.  W.  Clapp. 

T  18.  (a)  In  case  an  installation  has  been  passed  upon  by 
the  city  inspector  as  satisfactory,  does  the  electric  company  have 
the  right  to  refuse  the  service  if  it  is  satisfied  the  work  has 
not  been  done  properly  ?  (b)  In  such  case,  can  the  householder, 
when  he  is  willing  to  assume  the  risk,  come  back  on  the  com- 
pany for  damages  for  failure  to  serve  f 

Under  these  conditions,  the  test  would  be  whether  or  not  the 
installation  would  endanger  the  company's  lines  or  apparatus.  If 
it  would,  the  company  h?is  the  right  to  protect  itself  and  its 
patrons.  Ralph  R.  Laxton. 

When  an  installation  is  favorably  passed  upon  by  a  properly 
authorized  city  inspector,  and  all  other  conditions  are  favorable,  it 
is  questionable  if  a  public  utility  company  could  maintain  a  refusal 
for  service,  and  certainly  not  if  owner  and  tenant  assumed  risk  for 
probable  damage  from  improper  work.  J.  W.  Clapp. 

It  is  suggested  that  in  such  a  case  the  company  give  its 
reasons  for  protest  in  writing,  stating  at  the  same  time  its  willing- 
ness to  make  connection  provided  the  customer  will  agree  in 
writing  to  assume  all  risks.  H.  T.  Hartman. 

T  19.  What  is  the  best  method  of  marking  incandescent 
lamps,  at  the  time  of  issue,  so  as  to  guard  against  unprincipled 
people  buying  old  lamps  as  junk  and  exchanging  them  for  new 
lamps,  where  the  company  gives  free  renewals? 

The  following  method,  which  is  my  own  invention,  I  have 
found  works  admirably : 

In  the  first  place,  I  procure  from  Montgomery  Ward  &  Co. 
Dennison's  consecutive  numbers — No.  10.  When  we  get  in  a 
shipment  of  lamps  I  have  the  boys  unpack  them  and  stick  one 
of  the  numbers  on  each  lamp;  these  numbers  are  stuck  over  the 
label  the  manufacturer  puts  on  the  lamp,  in  order  not  to  have  too 
many  labels  on  the  lamp,  and  thus  prevent  the  consumer  from 
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removing  either  or  both  of  them.  The  lamps  are  then  put  back 
into  the  barrel  and  are  ready  to  be  sold.  I  then  have  a  book  in 
which  these  same  numbers  are  entered  in  consecutive  cwder  (see 
sample  page  enclosed),  and  whenever  a  lamp  is  sold  or  replaced, 
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an  entry  covering  this  lamp  is  made  in  the  book.  The  purchaser 
is  warned  not  to  remove  our  number,  as  by  so  doing  he  forfeits 
his  right  to  a  new  lamp  in  event  of  its  being  defective  or  burning 
out  in  an  unreasonably  short  time.  Should  the  lamp  be  defective, 
or  otherwise  bad,  and  he  returns  it  with  our  number  intact,  we 
refer  to  the  book  and  can  tell  at  a  glance  whether  or  not  he  was 
the  original  purchaser,  the  date  on  which  it  was  sold — ^which,  we 
take  it,  was  the  date  on  which  it  went  into  service — and  whether  it 
was  paid  for  or  charged ;  last,  but  not  least,  whether  or  not  he  is 
entitled  to  a  new  one. 

While  we  do  not  give  free  renewals,  this  system  works 
equally  well  in  our  case  where  we  sell  the  lamp  and  make  good 
for  defective  ones.  Then,  again,  if  the  manufacturer  guarantees 
the  lamp  and  demands  that  all  defective  ones  be  returned  to  him, 
our  book  will  show  which  we  had  to  make  good.  While  the 
method  has  its  disadvantages  in  so  far  that  it  is  considerable 
trouble  to  mark  up  the  lamjw,  it  has  its  advantages  after  that. 

Jos.  Sheridan. 


The  best  method  of  marking  incandescent  lamps  is  to  stamp 
them  with  an  acid  stamp,  using  hydrofluoric  acid  partially  neu- 
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tralized  with  ammonium  carbonate,  the  acid  being  applied  to  the 
glass  after  it  has  been  heated  over  a  gas  stove.  Lamps  that  are 
broken  should  of  course  not  be  renewed,  except  in  cases  where 
they  are  so  few  that  there  is  little  possibility  of  any  attempt  to 
defraud.  H.  B.  Gear. 

We  mark  ours  with  a  pencil,  as  we  have  not  been  able  to 
secure  a  stamp  that  will  fill  the  bill,  and  the  office  boy  is  about 
the  best  stamp  I  have  been  able  to  secure.       Fred  M.  Lege,  Jr. 

Use  hydrofluoric  acid  and  a  rubber  stamp,  making  it  a  rule 
to  exchange  new  lamps  for  marked  lamps  only.      M.  A.  Hogan. 

Several  of  our  customers  are  marking  incandescent  lamps, 
before  issue,  by  etching  on  the  glass  globes,  with  frosting  acid 
applied  with  a  rubber  stamp,  either  the  name  of  the  company  or 
some  emblem  with  the  words  "not  to  be  sold"  or  "this  lamp  never 
sold,'*  the  object  being  to  provide  some  private  mark  that  will 
enable  the  owner  to  swear  to  the  identity  of  individual  lamps  found 
unlawfully  in  the  possession  of  others. 

Electrical  Testing  Laboratories. 

Make  your  free  renewals  ccHiditional  on  the  return  of  old 
lamps,  and  charge  about  cost  for  any  other  lamps ;  then  the  other 
fellow  will  not  have  any  lamps  to  sell  as  junk. 

Douglass  Burnett. 

The  best  method  of  marking  incandescent  lamps  is  to  have 
the  initials  of  the  company  etched  on  the  glass  near  the  base  of 
the  lamp.  This  can  be  done  at  the  lamp  factory.  If  the  initials 
are  etched  near  the  base  of  the  lamp  it  does  not  interfere  with  the 
light,  and  effectually  identifies  the  lamp. 

Thomas  S.  Richardson. 
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Z  1.  What  per  cent  of  regulation  is  Becured  in  large  plants 
doing  a  power  and  lighting  business? 

We  have  a  water-power  plant  of  Sookw  capacity,  operated 
by  impulse  wheels  under  a  head  of  950  feet,  furnishing  current  for 
lighting  and  a  mixed  power  load,  including  mines.  Our  load,  on 
account  of  mine  hoists,  will  vary  instantly  in  the  neighborhood  of 
200  kilowatts.  We  use  a  Lombard  governor,  Type  F,  and  a  T  A 
voltage-regulator.  We  get  a  regulation  at  the  power  house  within 
two  per  cent.  F.  N.  Averill. 

Two  per  cent  would  be  fair. 

Augusta  Ry.  and  Elec  Co. 

Two  per  cent.  C.  W.  Koiner. 


Z  2.  What  is  being  done,  and  how,  to  utilize  the  exhaust 
from  gas  engine  for  hot-water  heating! 

Jacket  water  may  be  used  in  connection  with  forced  circula- 
tion of  hot-water  heating  systems. 

Exhaust  gases  may  heat  water  in  specially  constructed  heat- 
ers. This  water,  with  jacket  water,  is  of  considerable  value  for 
heating  purposes.  The  same  water  is  used  over  and  over,  saving 
cost  of  water  when  water  is  bought  or  pumped. 

F.  N.  Jewett. 


The  circulating  water  from  the  cylinders  of  a  gas  enpne  is 
often  used  as  boiler  feed  in  a  plant  using  both  steam  and  gas  en- 
g^nes.  This  hot  water  is  also  used  to  feed  the  steam  boiler  used 
in  producer  plants  to  blow  steam  through  the  producer. 

W.  R.  Collier, 
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Z  3.  Are  prodnoer-gas  plants  complete  with  engine  more 
eoonomical  in  nnitt  of  76  to  126  hone-power  than  steam  plants 

of  equal  siief 

Some  manufacturers  claim  as  low  as  two-thirds  of  a  pound 
of  coal  per  hp-hour,  and  tests  show  this  to  be  about  accurate.  If 
the  full  economy  were  c«ie  pound  per  hp-hour  it  would  be  a  great 
deal  better  than  any  steam  plant  could  do,  even  in  much  larger 
sizes.  W.  R.  Collier. 

Z  4.  Given  a  town  of  3000  population  wanting  an  electric- 
light  plant,  and  having  natural  gas  piped  and  sold  at  16  cents 
per  1000  feet,  with  coal  delivered  at  $2.00  per  ton,  what  shall  I 
install  in  the  way  of  engines,  boilers  and  generators  to  justify 
an  investment? 

Install  gas-engine-driven  dynamos.  G.  B.  Leland. 

It  is  highly  improbable  that  a  plant  in  a  town  of  3000  popu^ 
lation  would  justify  the  investment  required,  even  if  there  were 
no  competition  whatever.  With  natural  gas  competition  at  15 
cents  per  1000,  its  finish  is  in  plain  sight.         H.  T.  Hartman. 

Use  natural  gas.  R.  N.  Kimball. 

Z  6.  Under  equal  conditions  of  total  current  generated  in 
24  hours,  management,  cost  of  coal  and  supplies,  type  of  ei^nines, 
boilers  and  auxiliary  machinery,  can  a  central  station  doing 
an  exclusive  business  in  alternating-current  commercial  and  street 
lighting,  deliver  a  kilowatt-hour  at  switchboard  at  the  same 
cost  that  would  prevail  in  a  direct-current  street  railway  station  f 

All  other  things  being  equal,  except  that  the  dynamos  in  one 
station  are  alternators  and  the  dynamos  in  another  station  are 
direct-current  generators,  the  cost  of  a  kilowatt-hour  at  the 
switchboard  ought  to  be  the  same.  It  should  be  remembered, 
however,  that  the  conditions  are  ordinarily  not  equal  when  a  com- 
parison is  made  between  an  electric-lighting  plant  and  a  street- 
railway  plant,  because  the  load  factor  will  differ  even  though  the 
remaining  features  may  be  made  equal  for  the  two  stations. 

DuGALD  C.  Jackson. 
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Under  the  conditions  mentioned  the  lighting  station  would 
probably  be  under  the  disadvantage  of  operating  the  entire  twenty- 
four  hours  to  produce  a  given  amount  of  current,  while  the  rail- 
way company  generates  the  same  amount  in  eighteen  hours  or 
less,  so  its  load  factor  would  be  considerably  better  than  that  of  the 
lighting  company  unless  the  number  of  cars  operated  were  small, 
in  which  case  it  might  be  much  worse.  Ordinarily,  a  lighting 
company  is  at  a  decided  disadvantage  in  this  respect,  much  worse 
than  the  comparative  load  factors  would  indicate,  and  the  proba- 
bilities are  against  its  being  able  to  operate  as  cheaply  on  that 
account,  while  it  has  had  an  even  more  serious  disadvantage  in 
the  matter  of  fixed  charges.  H.  T.  Hartman. 

It  depends  on  load  factor.  R.  N.  Kimball. 

Z  6.  A  town  of  10,000  inhabitants  has  a  waterfall  10 
miles  distant,  capable  of  supplying  500  brake  hone-power  on 
water-wheel  shaft  9  months  of  the  year,  but  power  may  be 
diminished  to  200  horse-power  during  part  of  the  other  three 
months;  there  U  a  possible  market  in  the  town  for  1000  kilo- 
watts for  traction,  light  and  factory  motors.  Assuming  that 
an  auxiliary  steam  plant  be  located  in  the  town,  what  kind  of 
voltage  and  current  should  be  adopted  ? 

Adopt  the  6c^-cycle,  3-phase,  4-wire,  4000-volt  system  in  the 
city,  but  transmit  the  energy  from  the  water-power  plant  by 
3-phase,  3-wire,  60-cycle  at  10,000  volts.  C.  A.  Keller. 

Three-phase,  6ocycle  current,  generated  at  your  water-power 
plant  at  6600  volts  without  transformers,  stepped  down  in  town  to 
2200  for  distribution. 

Steam  plant,  2200  volts,  same  as  above,  arranged  to  syn- 
chronize with  your  water-power  plant.  F.  N.  Averill. 

Z  7.  Can  a  water-power  plant  of  400  to  600  horse-power, 
costing  $160,000,  successfully  compete  with  a  steam  station  of 
half  the  cost  with  coal  (lignite  at  $1.00  per  ton)  f 

I  think  not.  With  so  high  a  first  cost  you  would  have  to 
keep  your  plant  at  full  load  all  the  time.    We  use  lignite  at  times 
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of  low  water  and  can  run  as  low  as  nine  and  one-third  pounds  per 
kilowatt-hour.  L.  E.  Watson. 

The  probabilities  are  that,  taking  fixed  charges  into  account, 
the  steam  station  would  be  the  more  economical  of  the  two  under 
the  conditions  mentioned.  Whether  it  could  "successfully  com- 
pete" would  depend  more  cm  the  amount  of  business  available  and 
on  the  comparative  efficiencies  of  management  than  on  the  switch- 
board cost.  The  fact  that  the  two  plants  are  so  small  would  indi- 
cate conditions  under  which  neither  plant  could  make  operating 
expenses  under  active  competition,  H.  T.  Hartman. 

Z  8.  Is  there  a  munioipal  electric-light  plant  in  this 
conntry  operated  economically  and  successfully?  If  so,  state 
where  and  give  your  authority. 

The  trouble  with  most  municipal  plants  is  an  excess  of  econ- 
omy. Too  many  charges  belonging  to  the  lighting  plant  are  paid 
by  other  departments. 

See  municipal  reports,  city  of  Bangor,  Maine. 

J.  M.  Cartwright. 

Z  9.  (a)  What  percentage  of  the  normal  direct-current 
voltage  is  sufficient  to  bring  a  rotary  converter  of  standard  design 
up  to  rated  speed;  (b)  what  percentage  of  the  normal  alter- 
nating-current pressure  is  sufficient  to  bring  a  synchronous 
machine  of  standard  design  up  to  rated  speed? 

About  33  per  cent.  B.  Jamieson. 

Approximately  half  voltage  is  sufficient  to  bring  a  syn- 
chronous motor  generator  up  to  speed  from  the  alternating-cur- 
rent side.  The  Edison  Elec.  Ill'g  Co.  of  Boston. 

Z  10.  ITnder  what  conditions  do  you  consider  fly-wheel 
insurance  desirable  or  necessary  for  central  stations? 

When  engineer  in  charge  does  not  keep  his  safety  cams  in 
operation  on  Corliss  engines  and  when  using  high  (rotative)  speed 
engines  with  no  safety  devices.    With  Corliss  engines  and  safety 


Sio  Z— MISCELLANEOUS  Z  ii 

cams  properly  set  and  collar  out  from  under  governor,  no  danger 
need  be  feared  from  a  runaway  engine,  either  by  breaking  of  main 
belt  or  governor  belt.  Chas.  N.  Shaw. 

The  best  insurance  is  a  goad  enpne  stop. 

G.  B.  Leland. 

Z  11.  Is  there  a  possible  market  for  electricity  in  influenc- 
ing the  growth  of  vegetation! 

One  of  my  customers  has  used  these  arc  lights  for  a  number 
of  winters  over  his  greenhouses  in  order  to  force  the  growth  of  his 
lettuce  and  has  found  it  to  be  a  good  thing. 

F.  Ellwood  Smith. 

According  to  the  Electrical  Age  of  April,  1905,  "electricity, 
in  the  growth  of  plants,  has  been  found  useful  for  forcing  and 
increasing  the  yield,  but  it  is  only  recently  that  a  foreign  grower 
is  said  to  have  found  that  by  the  use  of  colored  globes  on  arc  lights 
the  coloring  of  the  flowers  can  be  altered.  A  red  globe  pves  a 
more  intense  color  and  a  yellow  globe  a  more  delicate  color." 

E.  A.  Taylor. 

No.  Douglass  Burnett. 

Z  12.  Has  any  one  found  a  satisfactory  time  switch  for 
switching  on  and  off  mnltiple  arc  or  incandescent  lamps  and 
signs! 

We  are  using  a  switch  that  is  made  in  Hartford,  Conn.,  that 
is  perfectly  satisfactory  for  this  purpose.  G.  B,  Leland. 

See  answer  to  question  S  28. 

The  Philadelphia  Elec.  Co. 

Answered  in  question  S  28.  G.  E.  Palmer. 

There  are  several.  Douglass  Burnett. 
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Z  13.    What  kind  of  wagon  or  cart  is  best  suited  for  trouble 
work,  and  should  it  have  a  gongf 


Z  14.  (a)  What  views  are  now  held  on  the  advisability  of 
testing  apparatus  to  a  point  above  working  pressure!  (b)  Does 
a  breakdown  test  mean  a  deterioration  from  that  period  on  ? 


Breakdown  tests  of  one-minute  duration  at  not  to  exceed 
twice  the  working  voltage  are  very  frequently  made  on  high- 
tension  apparatus  and  cable.  Breakdown  test  does  not  mean 
deterioration  if  design  is  good  and  above  limits  are  not  exceeded. 

P.  JUNKERSFELD. 


It  is  generally  accepted  as  necessary  to  make  a  test  of  the 
disruptive  strength  of  the  insulation  of  the  apparatus,  for  which 
purpose  the  pressure  must  go  above  the  working  pressure.  The 
desirable  manner  of  making  such  tests  is  discussed  in  the  Stand- 
ardization Report  of  the  American  Institute  of  Electrical  En- 
gineers, which  will  probably  be  found  in  volume  19  of  the  Trans- 
actions of  the  Institute,  beginning  at  page  1075.  Pamphlet  copies 
of  this  report  may  be  obtained  by  addressing  Mr.  Ralph  W.  Pope, 
Secretary,  95  Liberty  Street,  New  York  City. 

DuGALD  C.  Jackson. 


Z  16.  Is  it  practical  and  safe  to  operate  a  'phone-ringing 
circuit  as  a  shunt  across  a  number  of  lights  in  series  on  a  direct- 
current  circuit? 


It  is  practicable,  but  it  is  not  safe. 

DuGALD  C.  Jackson. 


It  has  been  operated  practically,  but  not  generally,  on  account 
of  the  underwriters  condemning  it. 

The  Philadelphia  Elec.  Co. 
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Yes ;  but  a  relay  and  extra  battery  circuit  is  better. 
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Fred  B.  Sharpe. 

Z  16.  What  is  a  good  home-made  polish  for  hot  brass  and 
steel ? 

Z  17.  How  many  candle  feet  are  required  for  satisfactory 
service  in  the  following  classes  of  buildings :  Churches,  libraries, 
bedrooms,  ballrooms,  etc.? 

Have  found  the  following  rule  a  good  one : 


For  fair  light,  i  i6-cp  lamp  for  550  cubic  feet 
**    good    '•      I     •*         •*       "     500      •• 

bright*'      1     *•         **       ••    450  to  475  cubic  feet 


It 


A  great  deal  depends  upon  the  color  of  interior,  a  blue  interior 
being  the  most  difficult  to  light.  A.  Peters. 


For  rooms  requiring  a  high  degree  of  illumination,  such  as 
drafting  rooms,  try  2.5  watts  per  square  foot ;  for  rooms  in  which 
reading  is  done  and  goods  are  well  displayed,  try  two  watts;  for 
outdoor  service,  such  as  railroad  yards,  try  one  watt. 

Douglass  Burnett. 
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Churches — A  minimum  of  one  candle-foot  on  a  plane  four 
feet  above  the  level  of  the  floor,  where  an  ordinary  hymn  book  is 
held,  will  give  satisfactory  illumination.  Great  care  should  be 
exercised,  however,  that  the  lights  are  so  placed  that  the  shadow 
of  the  person's  body  will  not  interfere  so  as  to  cut  down  this 
illumination.  In  other  words,  the  concentration  of  light  in  a 
large  chandelier  is  strictly  to  be  avoided. 

Libraries — A  general  illumination  of  not  less  than  one  candle- 
foot,  and  on  top  of  this  should  be  superimposed  for  desk  lighting 
an  illumination  of  not  exceeding  three  candle-feet.  Too  much 
illumination  on  the  desks  is  strictly  to  be  avoided,  as  same  is  tire- 
some to  the  eye  and  is  a  hindrance  rather  than  an  aid. 

Bedrooms — ^The  illumination  of  the  bedroom  can  fall  as  low 
as  one-half  candle-foot  at  points  and  still  be  satisfactory.  In 
places,  however,  such  as  over  the  dresser,  tables,  et  ccetera,  the 
illumination  should  be  raised  to  two  candle-feet. 

Ballrooms — ^An  illumination  of  not  less  than  two  candle-feet 
should  be  allowed  for.  The  illumination  should  be  uniform  and 
should  come  from  a  number  of  different  outlets,  not  being  cen- 
tered in  one  large  center  light. 

In  all  of  the  above  cases  the  efifect  of  the  interior  decoration, 
walls,  et  ccetera,  should  be  strictly  borne  in  mind,  and  the  candle- 
feet  should  be.  reckoned  after  making  due  allowance  for  the 
reflections.  V.  R.  Lansingh. 

Z  18.  What  should  be  the  ratio  of  the  rated  generating 
capacity  to  the  maximnm  load  in  central-station  systems? 

Over  100  per  cent ;  the  excess  to  be  determined  by  the  number 
and  capacity  of  available  reserve  units. 

Douglass  Burnett. 

A  central  station  should  have  sufficient  generating  capacity 
so  that  it  would  still  be  able  to  supply  its  maximum  demand  in  case 
of  the  breakdown  of  any  piece  of  apparatus  in  the  station.  Three 
or  four  units,  all  of  the  same  size,  would  make  a  convenient  ar- 
rangement in  building  a  new  station.  The  load  increases  so 
rapidly,  however,  that  an  equipment  that  seemed  ample  five  years 
ago  would  now  form  only  a  comparatively  small  part  of  the  outfit 
required  to  meet  present  conditions.  H.  T.  Hartman. 

V   2—33 
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Z  19.  How  can  rotary  oonverten  used  on  light  and  power 
systems  be  started  from  tiie  altemating-cnrrent  side  with  the 
least  amount  of  effect  upon  the  voltage  of  the  line? 

By  the  use  of  a  starting  motor  of  proper  size,  having  variable 
resistance  in  armature  circuit.  Ralph  R.  Laxton. 

If  the  rotary  is  to  be  started  directly  from  the  alternating- 
current  side,  then  the  use  of  a  starting  motor  having  economical 
starting  conditions  would  be  the  most  suitable  means  for  starting 
and  bringing  the  rotary  up  to  speed.  The  direct  application  of  the 
alternating  current  to  the  rotary  converter  itself  will  require  prob- 
ably from  three  to  five  times  as  much  current  from  the  line  as  in 
the  case  of  the  starting  motor.  In  case  a  small  motor-generator 
can  be  installed  for  furnishing  direct  current  for  starting,  then 
the  effect  on  the  alternating-current  system  would  probably  be  a 
minimum,  as  the  motor-generator  set  can  be  started  light  with  a 
very  small  current,  and  the  rotary  can  afterward  be  started  by 
direct  current  from  the  starting  set  with  almost  no  effect  on  the 
alternating-current  system. 

There  is  another  method  of  starting  which  has  lately  been 
put  out  in  a  small  number  of  cases.  In  this  method  the  rotary 
is  started  by  means  of  a  single-phase  series  type  motor  with  a 
commutator.  Such  a  motor,  having  series  characteristics,  can 
develop  a  comparatively  high  torque  at  start  with  considerably 
less  current  than  required  by  an  induction  motor.  With  this  ar- 
rangement a  rotary  can  be  started  with  a  pull  on  the  alternating- 
current  system  equal  to  about  eight  or  ten  per  cent  of  the  rated 
capacity  of  the  rotary. 

The  Westinghouse  Elec.  and  Mfg.  Co. 

A  separate  motor  for  starting  will  be  the  best  means  for  the 
alternating-current  side  to  accomplish  the  result  specified,  but 
the  rotary  is  possible  of  very  much  easier  starting  conditions  from 
the  direct-current  side. 

The  Edison  Elec.  Ill'g  Co.  of  Boston. 

The  simplest  arrangement  is  to  have  taps  on  the  secondaries 
of  the  transformers  giving  one-half  potential,  which  will  allow 
the  rotary  to  start  with  about  one  and  a  half  times  the  full-load 
current. 
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If  a  compensator  is  used  it  is  generally  installed  in  the 
primary  circuits  of  the  step-down  transformers.  In  either  case, 
a  double-throw  starting  switch  is  employed,  which  when  thrown 
one  way  connects  the  armature  of  the  rotary  to  the  lower  starting 
voltage.  E.  F.  Legge. 

The  best  practice  for  starting  rotary  converters  with  minimum 
line  disturbance  is  generally  conceded  to  be  by  means  of  a  small 
induction  motor,  belted,  geared  or  direct  connected  to  the  shaft  of 
the  rotary.  This  motor  should  have  a  slightly  higher  speed  than 
that  of  the  rotary  converter  when  in  synchronism. 

M.  Carrington. 

Z  20.  An  Edison  3*wire  system  is  fed  by  rotary  converters 
or  motor  generators  through  transmission  lines  from  a  high- 
tension  polyphase  generating  station.  What  is  the  best  and 
quickest  method  of  starting  up  after  a  partial  or  total  shut-down 
occurring  at  the  time  of  flie  peakf 

This  depends  on  the  nature  and  extent  of  the  shut-down.  If 
the  shut-down  is  complete  and  there  are  no  storage  batteries  on 
the  system,  it  will  be  necessary  to  start  from  the  alternating-cur- 
rent end.  This  can  probably  best  be  done  by  closing  the  high- 
tension  switches  at  both  the  generating  and  sub-station  end  and 
then  starting  up  the  generator,  letting  the  sub-station  apparatus 
come  up  to  speed  with  the  generator.  If  the  shut-down  is  only 
partial,  or  if  there  are  batteries  that  keep  the  system  alive,  it  will 
probably  save  time  to  start  machines  from  the  direct-current  end. 
As  a  rule,  a  rotary  or  motor-generator  supplying  direct  current 
can  be  run  from  the  direct-current  end  and  brought  up  to  S)m- 
chronous  speed  when  the  'bus  voltage  is  as  low  as  25  to  30  per  cent 
of  the  normal  amount. 

The  limiting  feature  in  connection  with  starting  up  from  a 
low  direct-current  voltage  is  generally  the  voltage  required  to 
operate  auxiliary  apparatus,  such  as  synchronizers  and  remote- 
controlled  oil  switches.  Tests  should  be  made  to  determine  the 
lowest  voltage  at  which  the  auxiliary  apparatus  used  in  connec- 
tion with  rotaries  or  motor-generators  will  operate.  It  is  also 
desirable  to  have  at  least  one  rotary  or  motor-generator  arranged 
for  starting  from  the  alternating-current  end  at  full  line  pressure, 
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since  conditions  are  likely  to  arise  when  one  substation  will  be 
shut  down  and  the  system  supplied  by  it  practically  dead,  while 
on  account  of  other  load  on  the  generating  station  it  is  not  possible 
to  start  a  generator  at  a  low  pressure  for  the  purpose  of  getting. in 
service  the  one  substation  that  is  disabled.         W.  G.  Carlton. 


Z  21.  What  inducements  are  offered  by  electric-lightings 
companies  in  the  large  cities  of  the  United  States  to  owners  of 
dwelling-house  properties  in  the  built-up  sections  of  the  city,  to 
encourage  and  induce  them  to  wire  their  properties? 

The  best  inducement  that  can  be  offered  to  owners  of  build- 
ings to  wire  them  for  electric  service  is  for  the  company  to  do 
this  wiring  on  the  installment  plan  and  sublet  it  to  local  concerns^ 
paying  the  contractors  cash  when  work  is  completed  and  taking 
pay  from  the  customer  in  installments.   .  F.  G.  Proutt. 

Would  recommend  persistent  personal  soliciting. 

D.  CCONNELL. 

By  seeing  that  competitive  bids  from  wiring  contractors  are 
submitted,  that  the  prices  are  reasonable,  and  that  the  system  of 
wiring  proposed  is  a  proper  one.  We  have  succeeded  within  the 
last  year  or  so  in  having  all  new  three-story  houses  wired,  and 
have  broken  the  ice  on  two-story  houses.  These  latter  are  erected 
in  rows  of  from  10  to  150  here,  as  there  is  no  tenement  districts 
We  started  at  $25  per  house,  and  are  now  down  to  $19.  We  have 
an  understanding  with  the  wiring  contractors  that  where  there 
are  bay  windows  or  outside  rooms,  a  'bus  line  shall  be  established 
at  our  expense,  and  the  wiring  lead  shall  be  brought  out  for  con- 
venient connection  to  the  'bus  line.  We  then  only  have  one  trans- 
former for  the  row  of  houses,  connected  by  a  single  set  of  sec- 
ondaries. We  make  no  minimum  charge,  and  furnish  incandes- 
cent lamp  renewals  free.  Douglass  Burnett. 

Z  22.  What  inducements  do  electric-lighting  companies  in 
large  cities  in  the  United  States  offer  to  architects,  contractors 
and  builders,  to  encourage  them  to  include  electric-light  wiring 
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in  their  plans  and  speoiflcationi  for  all  new   dwelling-honse 
operation!  ? 

We  assist  the  architects,  contractors  and  builders  in  every 
possible  way  by  advising  as  to  the  best  arrangement  and  number 
of  lamps,  and  if  necessary  getting  specifications  and  bids  on 
wiring.  We  make  frequent  calls  at  architects'  offices,  and  have 
them  on  our  mailing  list  for  all  printed  matter  issued.  We  also 
canvass  the  owners  and  occupants  of  the  buildings. 

Douglass  Burnett. 

We  offer  to  draw  up  the  plans  and  specification  for  the 
wiring  free  of  charge  is  all.  Fred  M.  Lege^  Jr. 

Would  recommend  man  on  the  spot.  D.  O'Connell. 

Z  23.  What  arrangements  are  made  by  electric-light  com- 
panies doing  contracting  work,  or  supervising  the  work  of  elec- 
trical contractors,  to  comply  with  the  nnderwriters'  role  requiring 
switch  and  fuse-box  at  point  of  entrance  of  wires  to  building 
to  be  so  placed  as  to  cut  off  current  from  all  devices,  including 
meter,  and  yet  protect  the  meter  from  short-circuit  on  the  interior 
wiring?  Are  two  sets  of  fuses  used,  one  ahead  of  and  one 
behind  the  meter?    If  so,  how  is  bridging  the  meter  prevented? 

The  general  arrangement  of  fuse  blocks  and  switches  at 
entrance  is  something  like  this  in  small  buildings ;  large  ones  are 
more  elaborate:  Service  is  brought  to  a  main  line  cut-out,  then 
to  a  double-pole  switch,  then  to  meter  loop,  then  to  branch  ait- 
outs.    Cut-outs  all  enclosed  in  fireproof  cabinets  where  possible. 

H.  N.  Crandall. 


If  the  service  switch  is  provided  with  a  fuse  on  the  service 
end  of  the  switch  that  is  in  proportion  to  the  capacity  of  the  line 
and  the  meter,  this  fuse  aflFords  ample  protection  to  the  meter  from 
any  short-circuit  on  the  interior  wiring.  There  is  no  necessity  for 
using  two  sets  of  fuses,  one  on  each  side  of  the  meter. 

H.  B.  Gear. 
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The  best  way,  in  my  opinion,  to  prevent  meter  bridging  is 
to  put  in  a  sealed  service  cabinet,  sealed  in  a  similar  manner  to 
meters.  H.  J.  Gille. 

Do  not  think  the  rule  is  intended  to  exact  protection  fpr 
meter  from  interior  wiring  beyond  the  distributing  cabinet. 

D.  O'CONNELL. 

We  enforce  the  code  to  the  letter  and  require  a  standard  meter 
loop  behind  the  main  switch  and  cut-out  box,  also  brackets  on  the 
house  so  service  wires  may  be  pulled  up  tight. 

Fred  M.  Lege^  Jr. 

Z  24.  Would  it  not  be  more  advantageous  if  the  National 
Board  of  Fire  XTnderwriten  would  establish  standard  centres  for 
the  length  of  enclosed  fuses  and  require  all  manufacturers  to 
adhere  to  it? 

Yes.  Fred  B.  Sharps. 

Yes ;  a  standard  terminal  should  also  be  agreed  upon. 

Charleston  Consol.  Ry.,  Gas  and  Elec  Co. 

The  National  Board  of  Fire  Underwriters  has  already  estab- 
lished standard  dimensions  for  enclosed  fuses.  Fuses  made  up 
in  accordance  with  these  requirements  are  known  as  the  National 
Electrical  Code  fuses  and  are  made  by  all  standard  manufacturers. 

George  H.  Jones. 

Yes.  This  would  not  only  assist  the  jobbers  and  manufac- 
turers, but  it  would  assist  the  central-station  repair  and  trouble 
man.  A.  Balsley. 

Z  26.  An  electrical  plant  operating  S-phase  system  has  its 
city  divided  into  districts,  each  supplied  from  one  of  its  phases  and 
a  neutral  wire.  With  this  system  would  it  be  preferable  to  use 
iingle-phase  or  S-phase  induction  moton,  the  S-phase  motors 
necessitating  expense  of  running  the  additional  phases? 

I  would  advise  three-phase  motors  unless  they  are  very  small. 
Single-phase  motors  unbalance  the  system.       H.  N.  Crandall. 
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If  the  power  load  can  be  fairly  well  divided  among  the  three 
phases,  the  single-phase  installations  have  some  advantages,  par- 
ticularly as  regards  transformers  and  meters.  Single-phase 
motors  are,  however,  rather  less  reliable  and  more  complicated 
than  three-phase,  and,  at  the  same  time,  more  expensive.  Just 
now,  the  weight  of  authority  would  probably  be  found  in  favor  of 
three-phase  motors  in  sizes  above  five  horse-power. 

Ralph  R.  Laxton. 

It  is  certainly  preferable  to  run  single-phase  motors  up  to 
at  least  10  horse-power,  even  in  a  three-phase  system,  both  on 
account  of  the  smaller  cost  of  transformers  and  the  smaller 
maintenance  expense.  H.  J.  Meyer. 

It  would  be  preferable  to  use  single-phase  motors  on  account 
of  the  saving  in  transformer  cost  and  losses,  and  simplified  meter 
and  other  connections.  A.  R.  MacKinnon. 

The  use  of  single-phase  induction  motors  in  sizes  up  to  15 
horse-power  should  prove  entirely  satisfactory.  The  three-phase 
motors  not  only  call  for  an  additional  wire,  but  also  for  one  or  two 
additional  transformers,  thus  calling  for  additional  fixed  charges 
to  the  station.  A.  Balsley. 
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QUESTIONS 
A 
QuMTxon  Buildings 

A  I  Does  it  pay  to  build  brick  or  stone  substations  for  mines  and 
smelters? — p.  3. 

A  2  What  is  the  best  floor  construction  for  different  types  of  central 
stations? — p.  4. 

A  3  What  kind  of  roof  construction  on  brick  engine-room  is  best; 
one  that  will  not  drop  condensation  on  dynamos ;  one  that  will 
be  fireproof? — p.   5. 

A  4  What  kind  of  roofing  is  best  for  a  station  roof  that  is  flat,  but 
with  sufficient  pitch  to  allow  water  to  run  to  conductor  pipe? 
— p.  6. 

A  5  What  is  the  best  fireproof  and  non-corroding  covering  for  boiler- 
rooms? — p.  6. 

A  6  Why  does  a  tin  roof  pit  and  rust  through  near  a  water  storage 
(hot)  on  the  roof,  while  the  rest  remains  good? — p.  7. 

A  7  Is  the  expenditure  in  hand-power  cranes,  and  resulting  expendi- 
tures in  extra  strength  and  height  of  walls,  warranted  in 
buildings  for  rotary-converter  or  motor-generator  substations? 
—p.  7. 

A  8  Is  there  any  satisfactory  battery-room  floor  material  other  than 
vitrified  tile  or  brick  in  use?  If  so,  what  is  the  method  used 
in  laying? — p.  9. 

B 

Water-Wheels,  Water-Power,  Etc. 

B    I    Is  there  any  remedy  for  anchor  ice? — ^p.  10. 

B  a  Is  there  a  method  of  preventing  slush  ice  from  forming  on  water- 
wheels? — p.  12. 

B  3  I  have  a  75-foot  head  of  water  and  want  to  develop  a  maximum 
of  150  horse-power,  but  will  use  from  40  to  75  horse-power 
most  of  the  time.  What  would  be  the  best  sizes  of  water- 
wheels? — p.  13. 

B  4  What  is  the  general  efficiency  of  a  water-power  plant  at  low 
heads? — p.  13. 

B  5  What  heads  are  most  suitable  (a)  for  turbines?  (b)  for  impulse 
wheels? — p.  14. 

B  6  What  instruments  and  what  method  are  best  for  recording  the 
head  of  water  where  instrument  for  recording  height  above 
the  dam  must  be  located  a  considerable  distance  from  power 
station,  and  where  head  is  often  cut  down  by  back-water  in 
tail  race? — p.  14. 
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Question 

B  7  What  per  cent  variation  of  speed  can  be  reasonably  expected  in 
practice  on  water-wheels  driving  a  railway  load,  the  wheels 
being  equipped  with  Lombard  governors? — p.  15. 

B  8  How  close  can  a  water-wheel  governor  be  made  to  regulate  under 
low  heads  (from  7  to  30  feet)  operating  on  wheel  having  bal- 
anced register  gates  and  a  momentary  load  change  of  50  per 
cent  of  the  wheel  capacity? — p.  15. 

B  9  (a)  Why  is  wood  used  as  a  bearing  in  water-wheels?  (b)  What 
is  the  best  lubricant  for  such  bearings? — p.   16. 

B  10  Has  any  practical  method  been  in  use  to  take  the  place  of  bevel 
gears  on  water-wheel  transmission  on  wheels  of  100  horse- 
power and  larger? — p.  16. 

B  11  What  percentage  of  the  power  is  lost  in  a  bevel  mortise  wheel 
set  on  a  vertical  water-wheel? — p.  17. 

B  12  How  many  months  can  a  water-power  plant  afford  to  use  a  steam 
auxiliary? — p.  17. 

B  13  In  a  projected  water-power  development  using  a  dam  and  head 
20  feet  high  what  objections  would  there  be  to  making  the 
power-house  a  part  of  the  dam  when  the  natural  conditions  are 
favorable? — p.  18. 

B  14  What  percentage  of  friction  is  there  in  a  rope  drive  from  vertical 
water-wheel  to  horizontal  shaft? — p.   19. 

B  15  In  a  water-power  plant  where  there  is  a  large  amount  of  floor 
space  is  it  profitable  to  belt  or  gear  the  generator  to  the  water- 
wheel  on  a  200-kilowatt  generator?    Give  reasons. — p.  19. 

B  16  Is  it  good  engineering  to  erect  four  or  more  water-wheels  on  one 
horizontal  shaft  in  order  to  get  speed  under  low  heads  for 
direct  connection  to  generator? — p.  20. 

B  17  What  is  the  safest  means  of  preventing  bursting  of  penstock  when 
water-wheel  gates  are  suddenly  closed? — p.  20. 

c 

Feed  Water,  Heaters  and  Pumps 

C    I     Please  give  a  formula  for  boiler  compound  for  water  in  which 

there  is  a  heavy  lime  deposit. — p.  21. 
C    2    Which  is  preferable — to  treat  the  water  before  it  enters  boilers 

or  to  use  a  high-fire  kerosene  and  mechanical  cleaner? — p.  22, 
C    3    Does  not  kerosene  oil,  being  itself  a  condensation  from  a  still, 

vaporize  before  any  benefit  is  derived  when  fed  into  working 

boilers  to  prevent  scale? — p.  23. 
C    4    Why  do  boiler-feed  pipes  coat  on  the  inside  with  magnesia  at  the 

end  inside  the  boiler  more  than  they  do  anywhere  in  the  run 

of  the  pipe? — ^p.  24. 
C    5    How  would  you  keep  feed-water  pipes  clear  of  scale  where  the 

water  is  exceptionally  full  of  magnesia  carbonate? — p.  25. 
C    6    Is  it  good  engineering  to  place  heater  between  engine  and  con- 
denser?— p.  26. 
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QUBSTXON 

C  7  Is  it  good  practice  to  turn  exhaust  from  station  auxiliaries  into 
an  open-type  feed- water  heater? — p.  28. 

C  8  Which  is  the  more  desirable  type  of  feed-water  heater  for  large 
plants,  (^n  or  closed?    Why? — p.  29. 

C  9  In  a  water  heater  should  the  steam  first  meet  cold  water?  Give 
reasons. — p.  30. 

C  10  What  is  the  life  of  a  hot-water  meter  when  run  continuously  at 
full  capacity? — p.  31. 

C  II  What  is  the  benefit  of  an  air  chamber  on  a  boiler- feed  pump? 
—p.  32. 

C  12  What  has  been  the  experience  with  rubber  valve  seats  in  marine- 
t3rpe  boiler-feed  pumps  as  to  reliability  and  average  life,  and 
under  what  conditions? — p.  33. 

C  13     (a)  What  advantage  has  accrued  from  using  metallic  packing  on 

the  plungers  of  duplex  outside-packed  plunger-feed  pumps  of 

Worthingfton  type  operated  against  180  pounds  pressure?     (b) 

What  guarantee  has  been  obtained  from  makers  of  this  t3rpe 

^      of  packing  on  service  as  outlined  above? — p.  33. 

C  14  (a)  What  has  been  the  experience  in  pumping  water  with  com- 
pressed air?  (b)  What  horse-power  would  be  required  to 
force  water  with  compressed  air  a  distance  of  400  feet,  the 
height  from  water  level  to  top  of  tank  being  ibo  feet;  amount 
of  water  required  would  be  30,000  gallons  in  24  hours? — p.  34. 

C  15  (a)  Is  any  scheme  more  economical  in  a  non-condensing  plant 
than  motor-driven  centrifugal  pumps  for  boiler  feed?  (b) 
With  a  steam  pump  for  starting  reserve,  is  any  more  reliability 
warranted? — p.  34. 

C  16  Which  are  preferable  in  connection  with  turbine  plants,  motor  or 
steam-driven  auxiliaries? — p.  35. 

C  17  What  is  the  efficiency  of  a  feed-water  injector  in  the  ratio  of  work 
done  and  heat  returned  to  boiler  to  heat  taken  from  boiler? 

—p.  36. 
C  18    How  can  the  water  in  a  Cochrane  water-heater  and  purifier,  prop- 
erly connected  up   (in  accordance  with  manufacturer's  direc- 
tions), be  increased  to  a  greater  efficiency  than  190  degrees? 

—p.  37. 
C  19    We  have  heater,  purifier  and  feed  pump  which  delivers  the  water 

to  the  boilers  at  206  degrees  Fahrenheit.     Is  this  fairly  eco- 
nomical?— p.  37. 
C  20    Is  there  a  hot-water  meter  made,  accurate  enough  to  be  used  on 
boiler  feed,  to  calculate  the  efficiency  of  the  boiler  and  plant? 

—p.  38. 

D 

Fuel 

D    I    Which  would  be  the  more  economical  for  stoker  use — washed 
screenings  of  low-grade  coal  or  the  slack  from  high-grade  coal  ? 
K  40. 
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Question 
D    2    What  kind  of  coal  is  the  better  to  use,  from  an  economical  stand- 
point, rice  or  buckwheat,  when  the  difference  in  price  is  $1.50 
to  $2.00  per  ton? — p.  41. 
D    3    In  a  hand-fired  plant,  with  limited  boiler  capacity,  which  is  con- 
sidered the  cheapest  fuel,  bituminous  screenings,  run  of  mine 
or  lump? — p.  41. 
D    4    What  experience  have  you  had  with  use  of  slack  coal  in  connec- 
tion with  automatic  stokers,  and  what  g^ade  have  you  found 
most  satisfactory,  very  fine  slack,  mixture  of  slack  and  pea,  or 
slack,  pea  and  nut,  or  only  pea  or  nut  sizes? — p.  42. 
D    5    With  a  smoke  ordinance  in  force,  and  with  fuel  prices  as  fol- 
lows— ^bituminous  (run  of  mine),  $2.95  per  ton;  anthracite,  pea, 
$3.30  per   ton;   anthracite   No.    i,  buckwheat,  $2.70  per  ton; 
anthracite  No.  2,  buckwheat,  $2.05  per  ton;  anthracite  No.  3, 
buckwheat,  $1.80  per  ton — which  would  be  the  more  economical 
fuel  or  mixture  to  use  (a)  with  natural  draft,  (b)  with  forced 
draft? — p.  43. 
D    6     (a)  Do  you  weigh  your  coal  as  it  comes  from  barge  or  cars  and 
check  up  bill  of  lading  for  weight?     (b)   What  redress  has 
been  obtained  in  case  of  shortage? — p.  44. 
D    7     (a)  What  success  has  been  met  with  by  companies  who  buy  coal 
on  the  basis  of  the  heat  values  contained  therein,  determined 
by  calorimeter  test  and  chemical  analysis?     (b)  What  is  the 
standard   specification   for  heat   value   and   chemical   analysis, 
and  what  penalty  is  imposed   for  non-fulfillment  of  contract 
made  on  above  basis?     (c)  What  is  the  method  used  for  the 
sampling  of  the  coal,  and  (d)  what  is  the  method  of  settling 
differences  shown  by  analysis  made  by  several  chemists,  which 
do  not  check  with  each  other? — p.  45. 
D    8    What  is  the  best  method  of  firing  coke?    In  a  plant  where  both 
coke  and  soft  coal  must  be  used  should  the  two  fuels  be  mixed 
or  fired  separately? — p.  47. 
D    9    Is  one  and  a  half  loads  of  pine  wood  excessive  for  a  seven  hours' 

run  with  an  average  load  of  26  amperes,  iioo  volts? — p.  48. 
D  ID    Is  peat  in  practical  use  as  power  fuel  in  the  United  States  ? — ^p.  49. 
D  II     Have  you  had  experience  with  oil  as  a  fuel?    If  so,  how  has  the 
cost  compared  with  coal,  taking  into  consideration  all  labor 
and  handling  factors?     Have  you  had  any  trouble  by  reason 
of  uncertain  deliveries? — p.  49. 
D  12    Can  bituminous  coal  be  prevented  from  heating  by  inserting  per- 
forated pipes  in  the  coal  and  forcing  air  through  it  at  stated 
intervals,  or  by  any  method  of  ventilation? — p.  50. 
D  13    Is  it  safe  to  store  bituminous  screenings  within  the  boiler-room? 
If  so,  how  much  may  safely  be  stored,  and  how  long  can  it 
remain  in  storage? — p.  51. 
D  14    Which  of  the  following  is  the  best  standard  by  which  to  judge 
the  value  of  coal :    Percentage  of  asl^  its  size  or  heating  power  ? 
51. 
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Question 

D  IS  What  is  the  cost  of  crushing  and  conveying  coal  per  ton  in  sta- 
tions where  no  hand  shoveling  is  necessary? — p.  52. 

D  16  In  a  steam  plant  with  25  per  cent  load  factor,  non-condensing, 
5  pounds  back  pressure,  160  pounds  pressure,  200  degrees 
superheat,  2000-kilowatt  capacity,  engines  20  feet  from  boilers, 
chain-gfrate  B.  &  W.  stokers,  what  amount  of  run  of  mine  coal 
per  kilowatt-hour  at  station  'bus-bars?  System  direct-current, 
low-tension,  24  hours  per  day  run. — p.  53. 

D  17  What  is  the  best  method  of  firing  the  western  lignite,  that  the 
combustion  of  the  hydrocarbons  may  be  complete? — p.  54. 


E 

Boilers  and  Mechanical   Stokers 

E  I  What  is  a  good,  handy  rule  for  determining  horse-power  of 
boilers? — p.  54. 

E  2  Has  the  efficiency  of  boilers  been  increased  in  the  past  twenty-five 
years,  and  if  not,  why  not? — p.  57. 

E  3  What  is  the  rate  of  evaporation  per  pound  of  fuel  for  return 
tubular  and  internally  fired  marine-type  boilers? — ^p.  57. 

E  4  Is  a  Scotch  or  water- tube  boiler  best  adapted  to  operate  an  elec- 
tric plant  16  hours  daily,  variable  load? — p.  58. 

E  5  What  experience  has  been  had  with  spiral  or  other  form  of  baffle 
plates  in  the  tubes  of  water-tube  boilers  and  feed-water  heat- 
ers?   Is  their  use  an  advantage  or  otherwise? — p.  59. 

E  6  Has  any  member  had  experience  with  corrugated  furnace  inter- 
nally fired  boilers,  and  if  so,  what  are  the  results? — p.  59. 

E  7  What  kind  of  burner  should  be  used,  and  how  should  the  boilers 
be  built  inside,  to  give  the  best  oil  combustion? — p.  59. 

E  8  What  special  features  would  be  required  in  a  furnace  designed 
to  burn  Iowa  block  coal? — p.  59. 

E  9  What  is  the  best  ratio  of  grate  to  heating  surface  in  a  wood-fired 
furnace,  and  how  much  wood  is  burned  per  square  foot  of 
grate  area? — p.  60. 

E  10  Give  any  records  of  experience  you  have  concerning  burning  of 
coal  in  an  electric-light  plant  at  a  rate  exceeding  30  pounds 
per  square  foot  of  grate  surface  per  hour. — p.  60. 

E  II  Are  mechanical  stokers  recommended  for  small  plants  of,  say, 
from  100  to  500  horse-power?    Of  2500  horse-power? — p.  60. 

E  12  Is  there  an  actual  saving  in  using  stokers,  irrespective  of  cost  or 
quality  of  coal? — p.  62. 

E  T3  What  is  the  gain  from  the  use  of  mechanical  stokers?  Is  the 
efficiency  of  the  boilers  increased  ?  With  stokers,  can  a  cheaper 
grade  of  coal  be  burned? — p.  63, 

E  14  What  is  the  cost  of  repairs  on  various  types  of  stoker  grates,  in- 
cluding repairs  to  brickwork,  inside  of  furnace?  In  answering 
state  make  and  horse-power  of  boiler,  make  and  surface  of 
grate,  and  effective  draft,  whether  draft  is  natural,  induced  or 
forced. — p.  64. 
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QUBSTXON 

E  IS  Do  smoke-consumers  burn  the  smoke  or  prevent  the  making  of 
it  ?    Do  they  reduce  the  expense  of  running  the  boilers  ? — p.  64. 

E  16  Is  blowing  flues  with  steam  injurious  to  the  tubes,  and  if  so,  in 
what  way? — p.  65. 

E  17  Is  it  better  to  expand  boiler  tubes  with  boiler  full  or  empty? 
— ^p.  66. 

E  18  Is  there  any  other  method  in  use  giving  successful  results  for 
keeping  the  external  surfaces  of  tubes  free  from  soot  in  a 
water-tube  boiler  of  the  Babcock  type  than  the  ordinary 
method  of  blowing  with  steam  or  air  (by  hand)  ? — p.  (fj, 

E  19  We  have  two  boilers  that  we  do  not  use;  what  is  the  best  way 
to  keep  them  in  good  condition — ^keep  them  filled  with  water, 
steam  them  once  a  month,  or  dry  them  out  and  let  them  re- 
main so  until  we  want  to  use  them  again? — p.  (fj. 

E  20  Supposing  a  boiler  fire  had  been  banked  and,  bank  becoming  hot, 
pressure  had  risen;  also  that  safety  valve  had  stuck  and  pres- 
sure on  a  100-pound  boiler  was  found  to  have  run  up  to,  say, 
175  pounds;  would  the  sudden  opening  of  safety  valve  be  at- 
tended with  any  disastrous  results? — p.  70. 

E  21  Operating  three  boilers  loaded  at  peak,  is  it  economy  to  cut  off 
one  and  bank  when  load  falls  within  capacity  of  two? — p.  71. 

E  22  Has  any  one  tried  the  storage  of  heat  or  steam  in  a  large  boiler 
plant  by  banking  all  the  fires  but  one  and  supplying  steam 
from  that  one  to  maintain  pressure  in  the  idle  ones,  and  if  so, 
what  were  the  results? — p.  72. 

E  23  What  is  the  principal  cause  of  and  remedy  for  rapid  deterioration 
in  axles  and  wheels  of  gravity-bucket  continuous  coal-and-ash 
conveyor  systems? — p.  'JZ- 

E  24  What  is  the  smallest  amount  of  grate  surface,  measured  in  square 
feet  per  kilowatt,  required  to  produce  the  amount  of  steam  de- 
manded at  the  time  of  the  peak  of  the  load? — p.  74. 

E  25  Are  there  any  furnaces  for  burning  bituminous  coal  that  are 
absolutely  smokeless? — p.  75. 

E  26  In  a  central  station  having  an  annual  output  of  about  2,000,000 
kilowatt-hours  what  figure  would  represent  good  practice  in 
boiler-room  labor  per  kilowatt-hour,  coal  and  ashes  being  han- 
dled by  hand? — p.  yd. 

E  27  Is  there  any  efticient  apparatus  on  the  market  for  directly  deter- 
mining the  percentage  of  CO*  in  the  waste  gases  passing  from 
the  boiler? — p.  76. 

E  28  What  is  the  proper  mixture  for  filling  fusible  plugs  in  boilers 
carrying  no  pounds  steam?  Plugs  are  protection  against  low 
water. — p.  TJ. 

E  29  Does  a  clean,  smokeless  chimney  in  itself  possess  a  money  value 
through  its  effect  on  the  community?  In  other  words,  does 
it  represent  a  value  other  than  possible  saving  of  fuel  to  the 
owner? — p.  TJ. 
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F 

Forced  Draft.  Blowers  and  Stacks 

Question 

F  I  Which  is  the  more  economical  system — forced  or  induced  draft? 
Why?— p.  78. 

F  2  How  much  can  the  capacity  of  a  battery  of  boilers  be  increased 
by  the  use  of  induced  draft  or  forced  draft? — p.  79.    • 

F  3  Is  there  an  actual  gain  in  using  forced  or  induced  draft  over 
natural  draft.,  with  grate  and  heating  surface  properly  propor- 
tioned for  forced  draft? — p.  80. 

F  4  Is  mechanical  draft  desirable  for  one  60-inch  by  16-foot  fire-tube 
boiler,  worked  intermittently? — p.  80. 

F  5  Which  is  the  better  practice  in  a  station  of  600  horse-power — to 
use  forced  draft  and  economizers  or  to  have  a  good  chimney? 
— p.  81. 

F  6  Has  £ny  one  tried  an  all-concrete  stack,  or  a  concrete  stack  base 
with  smoke  flue  entering  the  concrete,  without  having  same 
lined  with  fire-brick?    If  so,  what  has  been  the  result? — p.  83. 

F  7  What  is  the  minimum  allowable  height  for  the  lining  of  self- 
supporting  steel   stacks? — p.  83. 

F  8  What  is  the  value  of  mechanical-draft  apparatus  as  an  auxiliary 
means  for  producing  excess  boiler  capacity  during  peak  of  the 
load? — p.  84. 

G 

Piping,  Condensers,  Etc. 

G  I  What  is  the  best  gasket  material  for  steam  headers  carrying  super- 
heated steam  at  175  pounds  pressure? — p.  85. 

G  2  What  kind  of  gaskets  are  the  best  to  use  under  the  bonnets  of 
8-inch  to  16-inch  steam  .valves,  operating  under  180  pounds 
pressure,   with   150  degrees  superheat? — p.  86. 

G  3  What  has  been  found  to  give  best  results  for  making  and  keeping 
flange  joints  tight  on  steam  pipes  with  a  pressure  of  150  pounds 
or  more,  with  saturated  or  superheated  steam? — p.  87. 

G  4  What  are  the  advantages  and  disadvantages  of  using  globe  valves 
with  metal  discs  and  seats  on  a  steam  main  from  6  to  12  inches 
in  size;  steam  pressure  150  pounds,  with  100  degrees  or  more 
superheat? — p.  88. 

G  5  What  is  your  opinion  of  the  use  of  spiral-riveted,  galvanized  pipe 
for  exhaust  between  engine  and  condenser? — p.  88. 

G  6  Has  any  trouble  been  experienced,  from  electrolysis  or  other- 
wise, in  the  use  of  iron  fittings  in  connection  with  brass  pipe 
for  boiler- feed  lines? — p.  89. 

G  7  A  prominent  boiler  insurance  company  advocates  placing  the 
check  valve  before  the  stop  valve  in  the  boiler-feed  connection 
to  main  water  line.  Would  it  not  be  better  practice  to  reverse 
this  arrangement? — p.  89.  1 
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QuBSTioir 
G    8    Is  it  as  necessary  to  drip  steam  mains  carrying  superheated  steam 

as  those  carrying  saturated  steam? — p.  91. 
G    9    Modern   practice  tends  toward  the  use  of  smaller   steam  lines. 

What  velocity  of  steam  should  be  used  in  designing  same? 

—p.  92. 

G  ID  (a)  What  formulas  should  be  used  for  diameters  of  steam  pipes 
in  a  large  electric  power  plant  using  steam  at  160  pounds  pres- 
sure? (b)  What  drop  in  steam  pressure  would  you  allow  in 
a  run  of  100  feet?  (c)  What  rule  would  you  use  for  propor- 
tioning the  exhaust  pipe  leading  to  the  condenser,  the  distance 
being  50  feet? — p.  93. 

G  II  What  has  been  the  experience  with  painting  in  different  colors, 
and  stenciling  near  valves,  steam,  water  and  other  pipes,  as  in 
marine  practice,  especially  as  for  guidance  of  the  men  and 
increasing  the  reliability  of  plant? — p.  94. 

G  12  Do  you  advocate  a  heater  between  engines  and  condenser  when 
two  or  more  engines  are  piped  to  one  condenser? — p.  94. 

G  13  What  are  the  advantages  of  a  Holly  steam  loop  over  a  steam- 
driven  receiver  pump? — p.  94. 

G  14  Which  is  considered  the  best  practice  as  regards  the  disposition 
of  exhaust  steam  from  air  pumps — to  turn  it  into  the  condenser, 
into  the  air  through  a  heater,   or  into  the  engine  receiver? 

—p.  95- 

G  15  Which  is  the  more  efficient  method  for  surface  condensers — the 
parallel  flow  or  counter-current  flow? — p.  96. 

G  16  What  is  the  most  satisfactory  means  of  removing  the  oil  from 
exhaust  steam  so  that  the  condensed  steam  can  be  used  as  a 
boiler  feed? — p.  97. 

G  17  Which  are  the  more  reliable  under  all  conditions — single,  direct- 
acting  or  duplex  condenser  pumps? — p.  98. 

G  tS  Which  are  preferable  on  condensers  for  turbine  units — steam  or 
electrically-driven  circulating  and  air  pumps? — p.  98. 

G  19  For  maximum  economy  in  a  cooling  tower,  what  are  the  relations 
between  the  velocity,  humidity  and  inlet  temperature  of  the 
air  and  the  circulation  of  the  cooling  water? — p.  99. 

G  20  Under  what  conditions  would  it  be  advisable  to  use  a  cooling 
tower  condensing  outfit  for  small  or  moderate  sffeed  electric- 
light  plants  (a)  with  reciprocating  steam  engines?  (b)  with 
turbines? — p.  99. 

G  21  What  is  the  best  way  to  prevent  the  accumulation  of  shellfish  in 
the  suction  of  the  condenser? — p.  99. 

G  22  To  what  one  or  more  causes  in  operation  or  to  what  shortcom- 
ings in  design  or  construction  do  you  attribute  the  failure  to 
secure  guaranteed  or  expected  vacuum  in  the  everyday  opera- 
tion of  surface  condenser  plants,  cither  with  turbines  or  with 
steam  engines? — p.  100. 

G  23    Which  is  the  best  location  for  the  steam  header  and  auxiliary 
piping — engine-room,      boiler-room     or     separate     chamber? 
— p.  lOI. 
V.  2—34 
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Question 
G  24    What  are  the  advantages  of  a  surface  condensing  system  over 

other  methods  of  condensing  the  exhaust  steam  from  turbines? 

— p.  lOI. 
G  2$     (a)  What  is  relative  power  consumed  by  surface  condensers  and 

the  barometric  type,  in  their  auxiliaries,  for  the  same  vacuum? 

(b)  What  is  the  chance  of  losing  vacuum  on  throwing  off  or 

on  full  load  at  once  with  barometric  type  of  condenser?     (c) 

What  is  the  power  consumed  by  auxiliaries  (condensing)  for 

high  vacuum? — p.  102. 

H 

Engines 

H  I  Is  there  any  known  formula  for  finding  the  horse-power  of  a 
gas  engine  when  the  B.  t.  u.  per  cubic  foot  of  gas  is  known? 
— p.  102. 

H  2  What  is  the  average  gas  consumption  per  horse-power  of  the 
average  gas  engine  at  one-quarter,  one-half,  three-quarters  and 
full  load  ?  In  each  case  please  state  the  B.  t.  u.  of  the  gas  per 
cubic   foot   and   the   pressure   under   which    it   was   metered. 

—p.  103. 

H  3  What  are  the  actual  running  efficiencies  and  performances  of  gfas 
engines  with  producer  gas,  and  the  actual  costs  of  plant,  fuel, 
repairs  and  depreciation,  as  compared  with  the  average  ?team- 
engine  or  turbine  plant? — p.  105. 

H  4  Is  a  gas  engine  and  suction  or  pressure  gas  producer  plant  of  100 
horse-power  desirable  as  an  auxiliary  to  a  water-power  where 
cne  of  the  prime  considerations  is  quick  and  easy  starting 
with  small  extra  labor,  in  order  that  the  regular  force  need 
not  be  increased? — p.  106. 

H  S  What  has  been  the  development  in  connection  with  the  use  of 
internal-combustion  engines  to  carry  light  day  loads  in  plants 
of  $000  lights  capacity  and  under,  where  steam  is  used  for  peak 
load?  The  case  we  have  in  mind  would  involve  a  50-kw  unit. 
— p.  106. 

H  6  In  view  of  the  guarantee  made  by  manufacturers  of  gas  engines 
and  producers  of  one  brake-hp-hour  per  pound  of  coke  or 
anthracite  coal,  why  are  not  such  outfits  more  generally  in- 
installed? — p.  107. 

H  7  (a)  What  is  being  done  with  regard  to  running  gas  engines 
direct-connected  or  direct-belted  to  another  shaft  which  is 
already  driven  by  steam  engines?  (b)  Will  the  gas  engine 
operate  satisfactorily  connected  with  steam-driven  machinery? 
— p.  107. 

H  8  (a)  Which  have  you  found  to  be  the  cheapest  power — steam 
engines,  steam  turbines,  gas  engines  running  on  producer  gas 
or  Diesel  engines?  (b)  Why  are  not  the  Diesel  engines  more 
used? — p.  108. 
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QUKSTXOH 

H  9  (a)  Are  there  any  electric-light  stations  in  the  East  using  oil 
engines  of  the  Diesel  type,  and  if  so,  how  does  the  cost  per 
kilowatt  for  fuel  compare  with  that  of  steam  engines  with 
coal  at  the  prices  prevalent  in  New  England,  or,  say,  $4.00  to 
$4.25  per  ton?  (b)  Will  the  repairs  and  charges  for  deprecia- 
tign  offset  the  saving?  (c)  Is  this  service  to  be  relied  on? 
— p.  no. 

ij,  ID  What  are  the  ratios  of  fuel  consumption  per  indicated  horse- 
power of  the  American  Diesel  engine  and  a  first-class  single- 
cylinder  Corliss  engine  of  standard  t)rpe  running  non-condens- 
ing steam  at  no  pounds  and  cutting  off  at  one-fourth  stroke? 
— p.  no. 

H  II  Is  there  any  good  reason  why  a  modern,  well-built  vertical  cross- 
compound  engine  of  lOQO  horse-power  should  not  be  run  at 
1000  feet  piston  speed  per  minute? — p.  in. 

H  12  What  is  the  difference  in  economy  at  half  load  and  upward  be- 
tween non-condensing  engines,  125  pounds  pressure,  and  a 
simple  engine  working  at  same  pressure?  Engines,  say,  of  100 
or  200  horse-power. — p.  in. 

H  13  How  does  the  economy  of  medium-speed  4-valve  engines,  other 
than  those  of  the  Corliss  type,  compare  with  that  of  high-speed 
compound  engines? — p.  112. 

H  14  What  is  the  greatest  number  of  r.p.m.  at  which  a  standard  make 
of  Corliss  engine  of  the  automatic  releasirtg  valve  gear  type 
may  be  safely  and  economically  operated? — p.  T12. 

H  15  What  advantages  in  overload  capacity  can  be  obtained  by  equip- 
ping Corliss  engines  with  separate  eccentrics  for  steam  and 
exhaust  valves? — p.  113. 

H  16  (a)  Have  you  had  experience  with  4-valve  (Corliss  or  other) 
engines  with  two  eccentrics  and  a  shaft  governor?  (b)  Are 
they  not  likely  to  replace,  for  general  electric  power  plant  pur- 
poses, tjhe  regular  style  of  Corliss  engine? — p.' 114," 

H  17  Which  is  the  more  economical — medium-speed  belted  Corliss  or 
high-speed  direct-connected  automatic? — p.   114. 

H  18  Is  there  more  or  less  leakage  through  valves  and  pistons  with 
superheated  steam  than  with  dry  saturated  steam,  pressure 
being  the  same? — p.  115. 

H  19  What  has  been  found  to  give  best  results  itl  practice  with  regard 
to  leakage,  friction  and  wear  in  piston-valve  engines — ^plain 
piston  valves  or  adjustable? — p.   115. 

H  20  In  an  ordinary  compound-condensing  engine  which  is  the  more 
economical  (and  why) — ^a  low  receiver  pressure  (as  6  pounds) 
or  medium  pressure  (as  8  or  10  pounds)  ? — ^p.  115. 

H  21  Does  the  term  "clearance"  in  an  engine  cylinder  apply  only  to 
the  space  between  piston  and  head  when  on  the  dead  centre,  or 
does  it  include  the  passageways  from  valve  to  cylinder? 
116. 


532  INDEX  II— QUESTIONS 

Question 
H  22    What  is  the  usual  per  cent  of  clearance  in  (a)  a  high-speed  auto- 
matic engine;    (b)   in  the  Corliss? — p.   ii8. 

H  23  Are  phosphor-bronze  piston  packing  rings  better  than  cast-iron 
when  using  suiperheated  steam,  say  from  500  to  750  degrees 
Fahrenheit? — p.  119. 

H  24  What  can  be  done  to  prevent  the  governor  of  a  centre-crank 
engine,  direct-connected  to  a  multipolar  generator,  from  vibrat- 
ing or  shivering  when  running  with  or  without  a  load?  In 
the  case  referred  to  everything  has  been  done  to  see  that  the 
engine  is  in  perfect  line  and  in  good  working  condition  by  the 
builders.  Steam  distribution  has  been  changed  in  every  way 
possible  and  a  second  governor  wheel  with  a  different  pattern 
governor  has  been  tried. — p.   119. 

H  25  In  operating  a  non-condensing  compound  engine  under  light 
loads,  does  it  conduce  to  economy  to  run  with  low  boiler  pres- 
sure during  the  light-load  period? — p.  120. 

H  2ib  What  per  cent  of  loss  should  be  figured  between  the  indicated 
horse-power  of  a  Corliss  engine  at  100  r.p.m.  and  a  belted 
generator  at  475  r.p.m.  at  50  per  cent  load  and  full  load? 
— p.   121.   . 

H  27  Is  not  the  small  belted  unit  for  stations  up  to  400-hp  with  short- 
load  peak  and  30  to  loo-kw  all-night  load  more  economical  than 
larger,  200  to  400-kw  units,  direct-connected,  where  fuel  is 
only  $1.00  per  ton?  Does  it  not  make  a  more  flexible  station 
to  operate,  with  less  liability  to  disablement? — ^p.  122. 

H  28  Why  do  stations  continue  to  use  the  most  uneconomical  engines 
for  20  hours  of  the  day  and  the  best  of  power  for  the  four 
hours  remaining? — p.  123. 

H  29  What  changes  are  necessary  in  a  Corliss  engine  with  double 
eccentric  to  get  more  compression  in  the  crank  end  of  cylinder 
when  the  reach  rod  from  wrist  plate  to  exhaust  valve  has  been 
adjusted  all  that  it  will  allow? — p.  124, 

I 

Turbines 

1  How  far  is  it  profitable  to  carry  the  superheating  of  steam  for  use 
in  turbines? — p.  124. 

2  What  steam  pressure  and  what  degree  of  superheat  are  best 
suited  to  steam  turbines? — p.  125. 

3  In  what  percentage  does  the  degree  of  vacuum  and  of  superheating 
affect  the  economy  of  turbines? — p.  125. 

4  What  are  the  arguments  for  and  against  steam  turbines  as  com- 
pared with  reciprocating  engines  when  same  are  to  be  operated 
non-condensing? — p.  126. 

5  Would  it  be  advisable  to  use  steam  turbines  where  the  exhaust 
steam  is  used  for  heating,  giving  a  back  pressure  of  3  to  10 
pounds? — p.  126. 
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I  6  With  a  load  factor  of  about  40  per  cent,  with  a  jet  condenser 
giving  an  average  of  26  inches  vacuum,  would  a  400-kw  steam 
turbine  set  operate  as  cheaply,  fixed  expense  included,  as  a  com- 
pound Corliss  non-condensing  engine? — p.  127. 

I  7  Is  the  steam  turbine  advisable  for  small  stations?  State  minimum 
size  of  units. — p.  127. 

I  8  Are  turbines  of  small  capacity  as  efficient  under  variable  loads, 
such  as  exist  in  a  small  railway  power-house,  as  small  steam 
engines  of  the  same  capacity? — p.   127. 

I  9  Will  some  of  the  companies  who  are  operating  steam  turbines 
give  the  pounds  of  coal  (giving  B.  t.  u.  per  pound)  necessary 
to  produce  a  kilowatt-hour  at  the  switchboard? — p.  127. 

I  ID  Does  a  steam  turbine  require  nwre  or  less  pounds  of  steam  per 
kilowatt-hour  output  at  switchboard  than  same  size  unit  Cor- 
liss compound-condensing  engine,  both  running  at  175  pounds 
steam  pressure,  150  degrees  Fahrenheit  superheat,  and  27-inch 
vacuum? — p.  128. 

I  II  What  is  the  monetary  and  sustained  overload  capacity  of  the 
steam  turbine  compared  with  that  of  the  Corliss  engine? 
— p.  128. 

I  12  Is  not  the  inertia  governor  better  adapted  for  steam  turbines  than 
the  purely  centrifugal  governor? — p.  129. 

I  13  How  long  will  steel  buckets  in  steam  turbines  withstand  the 
effects  of  wet  steam,  pressure  140  pounds,  before  they  wear 
sufficiently  to  decrease  the  steam  economy  by  10  per  cent? 
— p.  129. 

I  14  (a)  What  is  the  wear  on  turbine  vanes,  and  how  does  this  change 
their  clearance,  and  (b)  what  type  of  turbine  is  least  affected  by 
change  in  clearance? — p.   129. 

I  15  What  difficulties  have  developed  in  the  practical  operation  of 
steam  turbines? — p.   129. 


District  Heating 

J  I  Does  steam  reduced  from  100  pounds  to  i  pound  through  a  re- 
ducing valve  contain  more  heat  than  steam  from  exhaust  at  one 
pound,  or  than  steam  generated  at  one  pound;  if  not,  what 
becomes  of  the  energy  that  is  apparently  lost? — p.  130. 

J  2  Does  district  heating  justify  the  expenditure  in  towns  where  heat 
does  not  have  to  be  distributed  further  than  1000  feet  from 
the  central  station,  where  the  heating  amounts  to  between 
50,000  and   100,000  square  feet? — p.   132. 

J  3  Does  district  heating  pay  if  you  go  beyond  the  amount  of  exhaust 
steam  furnished  by  your  engines;  if  so,  at  what  price?  (Give 
price  and  heat  value  of  coal.) — ^p.  133. 

J  4  Will  it  be  a  proper  thing  to  put  a  centrifugal  pump  on  the  return 
main  of  a   hot-water  main   that   has  a  back  pressure  of   10 
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pounds  one  mile  away  from  the  station?  There  is  a  sag  of 
6  feet  in  our  main  at  that  point;  the  mains  are  of  same  size, 
supply  and   return.     Most   of  this   distant   is   down   grade. 

—p.  134. 

J  5  In  operating  district  steam-heating  plant  on  Paul  vacuum  system 
we  find  it  impossible  to  maintain  vacuum;  what  is  the  most 
probable  reason  for  same? — p.  134, 

J  6  Under  what  conditions  does  district*  heating  from  a  central  sta- 
tion pay? — p.  135. 

J  7  (a)  Has  any  one  tried  using  a  double-expansion  joint  on  the 
steam  mains  instead  of  the  variators,?  If  so,  with  what  suc- 
cess? (b)  Have  they  been  able  to  insulate  the  mains  from 
the  frost  as  well  with  this  as  where  bricked  over  in^^he  nuin- 
ner  in  which  the  variators  are  covered? — p.  136. 

J  8  Will  it  be  good  investment  to  install  heating  system  in  a  town  of 
5000,  laying  2000  feet  of  pipe,  no  day  load,  but  station  running 
16  hours  per  day,  with  peak  from  150  to  200  kilowatts,  slack  at 
50  cents  in  bin,  domestic  coal  at  $2.50?  Town  already  has  a 
number  of  steam-heating  plants  in  business  houses. — p.  136. 

J  9  Is  there  a  meter  for  steam  heating  that  gives  reasonably  accurate 
results  and  reliable  service? — p.  137. 

J  10  What  is  the  economical  limit  of  distance  for  the  transmission  of 
heat  by  steam  or  hot  water  in  district  heating?  What  "head" 
in  pounds  per  square  inch  is  required  per  1000  feet  of  line  for 
the  transmission  of  heat  by  steam  at  the  pressure  employed? 
—p.  138. 

J  n  To  what  extent  is  it  economical  to  supply  exhaust  steam  for 
heating? — p.  139. 

J  12  (a)  Is  it  not  time  to  place  "district  heating"  in  its  proper  place 
as  a  business  by  itself?  (b)  Can  it  be  made  to  pay  its  own 
way?  (c)  What  is  the  ideal  method  of  making  charges  for 
this  ideal  heat?  (d)  Provided  regulation  at  plant  is  good,  has 
any  efficiency  been  gained  by  use  of  regulators  on  houses  for 
hot-water  heating  from  actual  reliable  tests? — p.  140. 

J  13  Which  is  the  better  plan  where  a  new  lighting  and  power  com- 
pany is  establishing  a  station  with  an  expected  annual  load 
factor  of  30  per  cent,  24  hours'  lighting  service — to  operate 
the  heating  system  with  live  steam  and  engines  of  the  highest 
possible  efficiency  for  generating  current,  or  to  use  engines  of 
lower  efficiency,  utilizing  exhaust  for  heating? — p.  142. 

J  14  Why  is  better  circulation  secured  with  exhaust  steam  at  any 
pressure  than  with  live  steam  at  the  same  pressure  supplied 
through  a  reducing  valve? — p.  143. 

J  15  How  can  a  readiness-to-serve  charge  be  incorporated  in  a  meter 
rate  for  heating,  and  what  should  such  a  charge  cover  ? — p.  143. 

J  16  What  are  the  best  material  and  method  for  covering  steam  pipes 
in  streets  to  obtain  maximum  efficiency  in  transmission  of  heat 
units  to  consumers? — p.  144. 
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J  17  Has  any  practical  method  been  devised  for  measuring  quantity 
of  live  steam  delivered  to  district-heating  mains  when  exhaust 
is  insufficient? — p.  144. 

J  18  How  much  more  will  central-station  heating  customers  pay  per 
anntun  for  central- station  heat  than  the  cost  of  running  their 
own  heating  apparatus? — ^p.  145. 

J  19  How  many,  if  any,  steam  traps  should  be  placed  on  a  steam- 
heating  main  of  4000  feet  length,  with  six  right-angled  bends 
in  full  length? — p.  145. 

J  20    In  laying  street  mains  for   steam   heating  with  exhaust  steam, 
which  will  cause  the  least  trouble  and  have  the  longest  lif 
variators  or  brass-lined  slip  joints? — p.  146. 


K 

Generators  and  Exciters 

K  I  Would  the  vibration  be  objectionable  in  a  direct-current  gen- 
erator direct-connected  through  a  pair  of  bevel  mortise  gears 
to  a  vertical  water-wheel? — p.  146. 

K  2  What  is  better  than  cylinder  oil  and  vaseline  for  lubricating  col- 
lector rings? — p.  146. 

K  3  (a)  Should  a  small  central  station  install  polyphase  generators, 
and  (b)  how  can  the  difficulty  of  balancing  the  circuits  be 
overcome? — p.  147. 

K  4  What  advantages  or  disadvantages  has  an  induction-type  gen- 
erator over  a  revolving-field  type  on  inductive  and  non-induc- 
tive load? — p.  151. 

K  5  Under  what  conditions,  if  any,  have  you  found  automatic  circuit- 
opening  devices  advisable  on  generators  or  exciters? — ^p.  152. 

K  6  What  are  the  comparative  advantages  and  disadvantages  of  self 
and   separate  excitation   for  large  direct-current  generators? 

—p.  153. 

K  7  Is  an  induction  motor-driven  exciter  set  ever  advisable  for  alter- 
nating-current generators? — p.  154. 

K  8  In  large  power  stations  where  steam  and  electric-driven  exciters 
are  now  both  provided,  which  is  it  more  economical  to  use 
after  starting  up? — p.  155. 

K  9  Is  it  not  a  good  policy  to  install  an  exciter  of  double  the  capacity 
required  and  use  an  armature  of  double  the  voltage  and  operate 
at  half  speed? — p.  157. 

K  10  In  connection  with  an  underground  Edison  3-wire  system  oper- 
ated from  a  substation,  which  of  the  three  methods  of  conver- 
sion from  6o-cycle  alternating  current  to  direct  current — 
namely,  rotary  converters,  induction  motor-generator  sets,  or 
synchronous  motor-generator  sets— will  give  best  results  if  a 
heavy  short  should  develop  on  the  3-wire  direct-current 
system  ? — p.  158. 
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K  II  (a)  What  is  the  probable  difference  in  cost  and  efficiency  at  one- 
half,  three-quarters  and  full  load  between  using  static  trans- 
formers and  a  rotary  converter  and  using  a  syhchronous  motor- 
generator  set,  the  motor  taking  full  alternating-current  voltage, 
say  6600  volts?  (b)  What  is  probable  difference  in  case  of  an 
induction  motor-generator  set? — p.  161. 

K  12  What  are  the  points  in  favor  of  use  of  air  compressors  for  cen- 
tral-station use  for  cleaning  dynamos,  etc.? — ^p.  162. 

K  13  (a)  What  is  considered  as  the  working  life  on  a  125-volt,  300- 
kilowatt,  moderate-speed  direct-current  commutator?  (b) 
What  is  annual  expense  for  carbon  brushes? — ^p.  ;64. 

K  14  Is  it  practicable  to  overload  an  incoming  generator  on  a  water 
rheostat  and  thus  lower  its  frequency,  in  order  that  it  may  be 
synchronized  with  a  generator  that  is  overloaded  and  running 
below  speed? — p.  165. 

K  15  In  the  operation  of  alternators  in  parallel,  driven  by  reciprocating 
engines  and  turbines,  is  there  any  tendency  shown  for  the  tur- 
bine sets  to  take  all  or  nearly  all  the  fluctuations  of  the  station 
load? — p.  165. 

K  16  In  the  operation  of  alternators  in  parallel,  driven  by  reciprocating 
engines  and  turbines,  what  tendency,  if  any,  is  shown  for  a 
heavy  cross-current  at  time  of  sudden  overload  or  short-circuit? 
— p.  167. 

K  17  (a)  What  is  found  to  be  the  best  method  of  grounding  the  star 
point  of  large  (looo-kw  or  over)  generators — grounding 
through  one  rheostat  common  to  all  machines,  each  generator 
through  separate  rheostat,  or  otherwise,  and  (b)  what  sort  of 
rheostat  or  connection  to  ground  is  best? — p.  167. 

K  18  In  motor-generator  sets  consisting  of  a  polyphase  motor  and 
direct-current  or  alternating-current  generator,  what  advan- 
tages have  induction  over  synchronous  motors? — p.  168. 

K  19  Is  it  practical  to  use  a  Hopkinson,  Kapp  or  other  similar  test  on 
two  6-phase  rotaries  in  the  substation,  connected  to  run  nor- 
mally in  multiple  from  the  same  'bus-bars,  which  are  supplied 
hy  a  3-phase  line,  a  separate  engine  being  available  at  the  gen- 
erating station  ?  Assuming  first  that  their  shafts  can  not  be 
mterconnected,  and  second,  that  they  can  be  interconnected. 
Give  description  of  method  or  connections. — p.   170. 

L 

Storage  Batteries  and  Boosters 

L  I  What  is  the  value  of  storage  batteries  floating  on  exciter  circuits? 
—p.  171. 

L  2  Does  it  pay  a  small  plant  to  install  batteries?  What  is  the  de- 
preciation of  storage-battery  installations? — p.   173. 

L  3  Is  it  not  more  profitable  for  medium-sized  plants  to  increase  their 
station  capacity  than  to  put  in  storage  batteries? — p.  174. 
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L  4  What  would  be  the  original  cost,  cost  of  operation  and  cost  of 
maintenance  of  a  set  of  accumulators  to  operate  200  i6-candle- 
power,  no- volt  lamps  three  hours? — ^p.  175. 

L  5  What  is  the  ampere  capacity  of  a  storage  battery  at  high  rates 
of  discharge,  say  the  5.  ic,  15,  20,  30  and  45-minute  rate,  in 
terms  of  the  one-hour  rate? — p.  175. 

L  6  Can  a  storage  battery  be  successfully  connected  to  the  Edison 
3-wire  system  so  that  it  will  automatically  charge  or  discharge 
as  the  rise  or  fall  of  the  current  strength  may  demand,  without 
the  care  of  an  operator  at  the  substation? — p.  175. 

L  7  Is  there  a  formula,  or  what  determines  the  ratio  of  storage- 
battery  capacity  to  total  connected  load  in  large  cities? — p.  176. 

L  8  (a)  What  is  the  actual  efficiency  (energy)  obtained  from  a  stor- 
age battery,  (b)  the  efficiency  (quantity)  ? — ^p.  177. 

L  9  Is  it  advisable  to  use  recording  voltmeters  and  ammeters  in  con- 
nection with  the  operation  of  storage  batteries?  If  so,  to  what 
extent  and  for  what  purpose? — p.  177. 

L  10  Has  a  simple  method  been  found  for  taking  the  acid  fumes  out  of 
the  air  discharged  from  storage-battery  rooms? — p.  178. 

L  II  What  results  have  been  obtained  from  use  of  board  separators  in 
storage  batteries? — p.  179. 

L  12  What  methods  are  used  in  removing  sediment  from  storage  cells, 
and  which  is  considered  most  satisfactory? — p.  179. 

L  13  When  a  leak  has  once  developed  in  lead-lined  oak  tanks,  saturat- 
ing the  wood  with  electrolyte,  and  the  leak  in  the  lining  been 
repaired,  cells  mounted  on  porcelain  feet  four  inches  high,  will 
electrolytic  action  set  in  with  a  likelihood  of  pitting  the  lining 
from  the  bottom  upward  and  rotting  the  wooden  tank?  If 
not,  what  is  responsible  for  such  action?  If  so,  is  there  any 
known  remedy  other  than  the  replacing  of  tanks,  once  they 
leak?  It  has  taken  place  in  a  number  of  cells  with  entirely 
new  linings  but  old  tanks. — p.  180. 

L  14  What  paint  or  compound  have  you  found  most  satisfactory  for 
painting  the  outside  of  storage-battery  tanks  to  protect  them 
from  the  action  of  the  acid  fumes? — p.  181. 

L  15  What  are  the  relative  merits  of  the  bDoster  and  the  end-cell  switch 
methods  for  battery  regulation  on  light  and  power  systems? 
Is  any  lighting  company  using  the  booster  method  on  a  3-wire 
Edison  system? — p.  181. 

L  16  In  what  order  of  importance  do  central-station  companies  regard 
the  functions  of  their  storage  batteries?  (a)  Regulation,  (b) 
Taking  of  the  peak  load,     (c)   Emergency  reserve. — p.  182. 

L  17  What  should  be  the  ratio  of  the  battery,  capacity  at  the  one  and 
one-quarter  hour  rate  to  the  total  generating  capacity  in  cen- 
tral-station systems? — p.  182. 

L  18  When  sulphate  forms  on  plates,  what  is  the  be$t  method  for 
removing  it? — p.  183. 
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M  I  What  one  particular  feature  in  your  switchboards,  instruments 
and  station  wiring  has  been  the  greatest  danger  to  reliability 
(a)  to  service  from  your  station?  (b)  From  your  substation? 
(c)  What  remedy  did  you  apply? — p.  184. 

M  2  What  are  the  principal  troubles  likely  to  occur  with  remote- 
controlled  oil  switches  for  pressures  above  5000  volts?  To 
what  causes  have  failures  of  oil  switches  to  open  circuits  been 
attributed? — p.  185. 

M  3  What  success  has  been  attained  with  the  "horn-type"  high-ten- 
sion (^en-air  switch?  Does  not  above  switch  throw  consider- 
able strain  upon  apparatus? — p.  185. 

M  4  Are  soapstone  structures  necessary  in  'bus-bar  installations  of 
high  voltage  and  large  power? — p.  186. 

M  5  Should  switchboards  of  large  stations  be  made  self-explanatory; 
i.  e.,  have  the  connections  diagrammatically  indicated  on  the 
face? — p.  186. 

M  6  Is  it  not  the  best  policy  to  have  your  switchboard  very  simple — 
to  eliminate  fuses  and  circuit-breakers? — p.  187. 

M  7  Is  it  standard  practice  to  place  fuses  in  the  primary  connections 
of  pressure  transformers  supplying  switchboard  voltmeters, 
wattmeters,  etc.? — p.   188. 

M  8  Is  it  safe  to  (^>erate  a  skeleton  wooden  board  with  a  potential  of 
2000  volts,  having  the  wires  well  insulated  and  using  oil 
switches? — p.  190. 

M  9  Is  there  any  satisfactory  and  economical  method  of  feeder  regu- 
lation for  direct  current? — p.  191. 

M  10  How  do  you  obtain  satisfactory  regulation  on  alternating-current 
6o-cycle  distribution  system?  Do  you  use  hand  or  automatic 
regulators? — p.  192. 

M  II  Is  the  feeder-pressure  regulator  a  desirable  auxiliary  for  the 
small  central  station? — p.  194. 

M  12  What  is  the  advantage  of  taking  hourly  readings  on  all  feeder 
circuits?  Does  their  value  justify  the  use  of  an  extra  man  or 
helper  for  this  purpose? — p.  195. 

M  13  How  often  is  it  advisable  to  test  switchboard  instruments? 
—p.  197. 

M  14  What  is  the  most  accurate  way  to  check  up  alternating-current 
switchboard  instruments  when  they  are  used  in  connection  with 
current  and  potential  transformers? — p.   199. 

M  15  Which  is  the  best  transformer  instrument  for  use  in  standard- 
izing alternating-current  ammeters — a  Kelvin  balance,  a  current 
dynamometer  or  a  hot-wire  ammeter? — p.  202. 

M  16  What  is  the  best  instrument  and  method  to  use  in  standardizing 
-  alternating-current  voltmeters? — p.  204. 

M  17  What  is  the  best  method  for  determining  the  work  constant  of  a 
watt  dynamometer? — p.  205. 
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M  18  Which  will  mean  more  to  the  station  attendant — an  ammeter 
upon  the  generator  panel,  on  the  3-phase  feeder  panel  or  an 
indicating  wattmeter? — p.  206. 

M  19  Are  separate  current  transformers  necessary  for  the  ammeter  and 
for  the  time-limit  relay  on  alternating-current  feeders,  or  can 
both  instruments  be  operated  satisfactorily  from  one  trans- 
former?— p.  208. 

M  20  (a)  What  is  considered  the  best  design  for  ground  plates?  (b) 
What  is  regarded  as  the  best  practice  in  locating  same,  arid  their 
connection  to  the  different  generators,  transformers  and  instru- 
ments in  stations  or  substations?  (c)  Should  all  this  apparatus 
be  connected  to  the  same  ground  'bus,  or  should  there  be  an 
independent  ground  'bus  for  each  class  of  apparatus? — p.  209. 

M  21  Should  the  discharge  resistance  leads  for  any  generator  field 
switch  be  insulated  for  a  higher  pressurie  than  the  field  leads  ? 
— p.  210. 

M  22  Has  any  form  of  3-phase  reverse-current  relay  for  use  on  the 
substation  ends  of  high-tension  feeders  in  multiple  proved  sat- 
isfactory in  service? — p.  210. 

M  23  (a)  How  often  is  it  usual  to  change  the  oil  in  oil  switches  of 
15,000  volts,  100  to  300  amperes  capacity,  when  operated  once 
or  twice  daily?  (b)  How  can  one  tell  when  change  should 
be  made? — p.  210. 

M  24  In  determining  the  correctness  of  recording  wattmeters,  is  it 
necessary  to  check  the  ratio  of  series  and  shunt  transformers 
from  time  to  time  when  such  apparatus  is  used  on  wattmeters? 
211. 


N 
Belts  and  Shafting 

N  I  Are  rubber  belts  for  high  speed  on  generators  better  than  leather  ? 
Why? — p.  212. 

N  2  What  per  cent  of  power  is  wasted  in  a  good  belt  driving  a  gen- 
erator as  compared  with  a  direct-connected  unit? — p.  213. 

N  3  In  calculating  length  of  belt,  when  same  must  be  cut  and  cemented 
before  putting  on,  how  allow  for  stretch? — p,  213. 

N  4  What  is  a  safe  rule  for  size  of  shafting  for  direct-connecting 
dynamo  and  water-wheel  shaft? — p.  214. 

N  5  Which  is  the  most  efficient  pulley,  leather-covered,  wood  or  paper? 
—p.  215. 

o 

biL  AND  Waste 

O  I  What  make  of  oil  is  best  for  lubricating  cylinders  using  super- 
heated steam? — p.  216. 

O  2  What  fire  test  should  cylinder  oil  stand  for  use  with  90-pound 
steam;  also  125-pound?    Speed  100,  cylinder  20  b^42, — p.  216. 
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O  3  What  arc  the  effects  of  superheated  steam  on  cylinder  lubrica- 
tion, with  150  pounds  pressure;  steam  superheated  to  100  de- 
grees or  more? — p.  216. 

O  4  Does  the  most  economical  cylinder  oil  have  very  little  or  no  ani- 
mal fat? — p.  216. 

O  S  Describe  some  convenient  and  cheap  apparatus  for  removing  oil 
from   used    waste   and   making   it    suitable    for    further    use. 

—p.  217. 
O    6    What  is  the  length  of  time  one  filling  of  an  oiling  system  can 

be  used  where  the  oil  is  pumped  back  into  the  tank  and  used 

over  again?    Does  not  the  oil  gradually  wear  out? — p.  218. 
O    7    If  the  temperature  of  oil  is  160  degrees  Fahrenheit  when  it  comes 

from  the  turbine  step  bearing,  is  it  necessary  to  cool  before 

using  again? — p.  218. 
O    8    What  is  a  good  lubricant  for  wooden  cog  gears  meshing  with 

steel  pinions? — p.  219. 
O    9    If  a  cylinder  oil  leaves  a  sticky,  brownish  substance  on  valve 

seat  when  tht  valve  has  cooled  off  by  exposing  to  the  air,  does 

it  show  over-compounding,  or  compounding  to  give  viscosity 

regardless  of  lubrication? — p.  219. 

Overhead  Lines 

P  I  Has  any  one  used  crude  oil  or  tar  in  the  treatment  of  poles?  If 
so,  with  what  success?    State  method  of  application. — p.  220. 

P  2  Does  creosoting  from  7  to  8  feet  of  the  base  of  cypress  poles, 
where  poles  are  set  5  feet,  prolong  the  life  of  same  long  enough 
to  justify  the  expense  of  creosoting? — p.  220. 

P  3  In  building  a  2200-volt  single-phase  transmission  line  how  should 
the  transposing  poles  be  constructed? — p.  222. 

P  4  What  is  a  good  method  of  dead-ending  heavy  primary  pole  line 
feeders;  something  that  will  answer  the  purpose  of  the  regular 
strain  insulators? — p.  222. 

P  5  With  overhead  wires,  what  is  the  voltage  limit  to  be  safely  han- 
dled when  lineman  is  on  a  wet  pole? — p.  223. 

P  6  Suggest  ways  of  removing  static  charge  from  arc  and  primary 
circuits,  especially  when  partly  overhead  and  partly  under- 
ground.— p.  224. 

P  7  (a)  What,  if  any,  is  gained  by  using  a  grounded  neutral  on  an 
Edison  3-wire,  direct-current,  iio-220-volt  system?  (b)  What 
is  the  best  method  of  grounding  same,  and  how  far  apart 
should  ground  connections  be  placed? — p.  224. 

P  8  What  objections  are  there  to  grounding  the  neutral  of  a  4-wire 
3-phase  system  outside  the  station  and  relying  upon  these 
ground  wires  on  neutral  instead  of  lightning  arresters?  This 
refers  to  systems  operating  with  neutral  grounded  in  station, 
—p.  227. 
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P  9  (a)  Is  it  good  policy  to  ground  lightning  arresters  to  street- 
railway  track,  provided  the  tracks  and  water  mains  are  bonded 
together  at  the  power-house?  (b)  If  this  ground  is  not  con- 
sidered sufficient  at  a  distance  of  two  miles  from  the  power- 
house, would  there  be  any  danger  to  the  track  or  cars? — p.  228. 

P  10  Is  there  any  successful  method  of  protecting  hi^h-tcnsion  trans- 
mission lines  from  lightning?    Where  is  it  used? — ^p.  229. 

P  n  Describe  a  good  method  of  placing  lightning  arresters  on  a  junc- 
tion pole  of  a  transmission  line  where  the  aerial  line  joins 
underground  cable. — p.  229. 

P  12  What  is  the  smallest  size  weatherproof  copper  wire  mechanically 
safe  for  overhead  city  line? — p.  230. 

P  13  What  factors  should  determine  the  size  and  numbers  of  feeders 
to  be  installed? — p.  233. 

P  14  What  is  the  advisability  of  dividing  overhead  line  into  sections 
by  switches  located  in  various  districts? — p.  234. 

P  15  Can  not  our  overhead  lines  be  made  more  reliable  by  increasing 
the  spacing  and  sags  where  space  is  available? — ^p.  236. 

P  16  What  is  the  best  distance  apart  for  wires  on  2200-volt  circuits 
where  circuits  are  in  use  24  hours  per  day? — p.  237. 

P  17  Would  it  be  advisable  to  tie  high-potential  wires  with  iron  tie 
wires? — p.  238. 

P  18  Arc  best  results  obtained  by  fitting  of  pins  in  cross-arms  in  store- 
room, where  painting  shank  of  pin  with  white  lead  and  fasten- 
ing pin  with  a  galvanized  nail  is  easily  done,  or  by  leaving  this 
fitting  to  linemen  and  not  leading  shank  of  pin?-7-p.  240. 

P  19  (a)  What  is  best  to  do  with  overhead  high-tension  alternating- 
current  lines  where  line  passes  through  a  good  many  trees  and 
trimming  is  objected  to?  (b)  Is  there  any  satisfactory  tree 
insulator  in  use? — ^p.  242. 

P  20  Are  there  any  insulator  troubles  on  (a)  alternating-current  light- 
ing circuits  of  2200  to  3000  "volts ;  (b)  on  series  alternating- 
current  lighting  circuits  up  to  7200  or  8000  voHs?— p.  244. 

P  21  Is  it  practicable  to  run  a  telephone  line  on  the  same  poles  with 
2300-volt  lighting  circuits  within  two  feet  of  the  other  wires? 
If  so,  how  often  should  such  a  line  be  transposed?  How  often 
when  on  the  same  poles  with  a  500- volt  direct-current  circuit? 
—p.  244. 

P  22  Is  it  possible  for  telegraph  wires  to  be  affected  in  any  way  by 
direct-current  mains  (3-wire)  at  a  distance  of  two  feet? 
— p.  246. 

P  23  How  shall  we  get  rid  of  the  effects  of  induction  on.  our  telephone 
wires  on  cross-arms  two  feet  under  our  ii,ooo-volt  13-mile 
transmission  wires? — p.  246. 

P  24  When  two  lighting  companies  are  required  to  ms^ke  joint  use  of 
certain  poles,  each  having  2200-volt  primary  alternating-current 
lines  and  220- volt  secondary  lines,  which  of  the  following 
arrangements  of  the  wires  is  the  safer?     (a)  A  zone  at  the 
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top  of  the  pole  for  the  high-pressure  wires  of  one  company, 
followed  immediately  beneath  by  the  zone  for  the  high-pres- 
sure wires  of  the  second  company,  the  low-pressure  wires  of 
the  first  company  being  then  placed  in  a  zone  beneath  the  high- 
pressure  of  the  second  company,  followed  in  their  turn  by  the 
low-pressure  wires  of  the  second  company;  or  (b)  high- 
pressure  wires  of  first  company  at  top  of  pole,  followed 
beneath  by  zone  for  low-pressure  wires  of  this  company,  then 
by  zone  for  hig^-pressure  wires  of  second  company,  and  finally 
by  the  low-pressure  wires  of  second  company. — ^p.  248. 

P  25  Referring  to  Class  "B,"  rules  of  National  Board  of  Fire  Under- 
writers, Section  C.  stating  that  service  wires  must  be  at  least 
seven  feet  above  highest  point  of  flat  roofs,  should  this  apply 
to  an  Edison  three-wire  system  with  500  volts  between  outside 
wires?  Should  not  service  wires  at  this  low  voltage  be  exempt 
from  this  ruling  and  a  lesser  amount  than  seven  feet  be  ap- 
proved?— p.  250. 

P  26  (a)  What  provisions  are  made  against  high-tension  wires  falling 
across  telephone,  telegraph  or  other  foreign  wires  at  crossings? 
(b)  What  is  the  approximate  cost  of  protecting  one  crossing? 
—p.  250. 

P  27  Where  high-voltage  lighting  wires  (2500  to  6000  volts),  tele- 
phone wires  and  municipal  fire-alarm  wires  a,re  all  on  one  set 
of  poles,  should  the  telephone  and  fire-alarm  wires  be  placed 
above  or  below  lighting  lines?  Give  reasons  for  opinion, 
—p.  251. 

P  28  (a)  What  form  of  device  for  disconnecting  overhead  wires  from 
underground  cables  for  the  purpose  of  testing  has  been  found 
safe  and  easy  to  handle?  (b)  Do  you  consider  it  advisable  to 
place  such  device  on  cable  poles?— ^).  255. 

P  29  What  forms  of  potheads  or  joints  have  been  found  satisfactory 
for  connection  between  'overhead  and  underground  lines  for 
voltages  ranging  from  1000  to  5000?— ^).  257. 

P  30  What  insulation  resistance  should  be  required  in  testing  high- 
tension  lines  subject  to  a  voltage  of  2000,  4000,  7000  or  14,000? 
Should  a  breakdown  test  be  made  on  such  lines?  And  what 
voltages  should  be  used  in  the  test? — p.  258. 

P  31  How  should  record  of  connected  load  on  feeders,  mains,  trans- 
formers and  secondaries  be  kept  so  that  it  will  be  flexible,  accu- 
rate and  easy  to  refer  to?  Illustrate  by  sample  of  cards  used, 
—p.  258. 

P  ^  What  is  the  best  method  of  keeping  record  of  location,  size,  etc., 
of  overhead  lines?  Describe  a  desirable  system  of  symbols 
for  poles  and  lines. — p.  263. 

P  33  What  method  of  taking  and  recording  data  constitutes  the  most 
accurate  means  of  determining  the  resistance  losses  in  both 
primary  and  secondary  systems  of  distribution  where  the  cir- 
cuits are  always  alive? — p.  264. 
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P  34  Have  you  any  system  of  regularly  inspecting  pole  lines?  If  so, 
what  records  are  kept  showing  the  condition  of  the  lines  at 
time  of  inspection? — p.  264. 

P  35  What  should  overhead  repairs  cost  per  annum  per  kilowatt-hour 
sold?— p.  268. 

P  36  (a)  What  is  the  average  life  of  yellow-pine  cross-arms?  (b) 
Cypress  cross-arms?     (c)  White-pine  cross-arms? — p.  268. 

P  37  Is  it  good  practice  to  carry  more  than  one  high-tension,  3-phase 
circuit  on  a  single  pole  line? — ^p.  269.    • 

P  38  In  running  a  transmission  line  through  the  country  is  there  suffi- 
cient gain  in  using  insulated  wire  to  warrant  the  extra  cost? 

-p.  271. 

P  39  Where  the  underground  and  overhead  on  a  3-phase  is,ooo-volt 
transmission  line  meet,  what  would  be  the  limit  of  distance 
away  from  the  riser  that  one  might  install  arresters  or  static 
dissipators  with  good  effect?  Would  there  be  any  objection 
to  one  arrester  for  one  phase  on  each  of  three  consecutive  poles 
beyond  the  riser,  the  poles  being  spaced  about  100  feet  apart? 
—p.  272. 

P  40  Would  there  be  any  objections  to  installing  a  220-440- volt  over- 
head distributing  system  in  a  small  town  having  so  many  trees 
as  to  prohibit  the  installation  of  a  2300-volt  system  without 
excessive  trimming? — p.  273. 

P  41  What  is  the  best  combined  switch  and  cut-out  to  use  on  aerial 
lines  of  2300  volts,  where  a  tap  carrying  15  amperes  or  more 
is  taken  off  a  main  line? — p.  275. 

P  42  If  a  3-phase  grounded  system  is  originally  installed,  protected 
from  lightning  and  static  by  a  proper  number  of  arresters  on 
each  wire  to  ground,  and  later  the  star  point  of  the  generators 
is  grounded,  what  changes  would  you  make  in  your  arresters? 
— p.  276. 

P  43  On  a  series  incandescent  circuit,  5000  volts  potential,  operated 
from  alternating-current  transformer,  is  it  possible  to  use 
2000-volt  lightning  arresters,  one  between  each  wire  and  the 
ground? — p.  276. 

P  44  In  the  case  of  a  3-phase,  6o-cycle  system  supplying  motors,  is  the 
liability  of  reversing  phases  sufficiently  great  to  warrant  the 
use  of  reverse-phase  relays? — p.  277. 


Q 

Underground  Lines 

Q  I  Is  any  town  of  10,000  population  or  under  using  underground 
lines? — p.  278. 

Q  2  How  can  a  central  station  determine,  without  going  into  elaborate 
details,  at  what  time  business  will  justify  putting  lines  under- 
ground?— p.  278. 
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Q  3  What  are  the  advantages  and  disadvantages  of  paper- insulated 
and  rubber-insulated  cables  for  underground  work  on  25-cycle, 
6600- volt  system? — p.  279. 

Q  4  Should  periodical  insulation  tests  be  made  on  low-tension  under- 
ground cables?  If  so,  how  often  should  such  tests  be  made 
and  what  method  of  test  should  be  used?  Answer  same  ques- 
tions relative  to  high-tension  underground  cables,  also  as  to 
overhead  lines. — p.  279. 

Q  5  What  guarantees  are  demanded  of  the  manufacturer  on  low- 
tension  cable  for  undergrround  circuits  as  to  thickness  and 
quality  of  insulation?  As  to  conductivity?  As  to  thickness 
and  quality  of  lead?  Answer  same  questions  relative  to  high- 
tension  underground  cables. — p.  280. 

Q  6  Will  some  of  the  companies  who  have  used  paper-insulated  lead- 
encased  cable  on  8000-volt  series-arc  circuits,  including  loops 
up  the  lamp  pole,  give  their  results  with  same? — p.  281. 

Q  7  How  does  ihe  cost  of  maintenance  of  underground  lines  com- 
pare with  that  of  overhead  lines? — p.  281. 

Q  8  What  current-carrying  capacity  per  1000  circular  mils  should  be 
allowed  in  underground  feeders? — p.  281. 

Q  9  What  has  been  the  experience  of  those  operating  paper  and  lead 
cables  under  water?  Is  not  the  trouble  from  electrolysis  likely 
to  be  less  and,  therefore,  the  life  of  the  cable  longer,  than 
when  installed  in  the  ordinary  manner?— ^p.  282. 

Q  ID  What  protection  can  be  given  lead  covering  of  underground 
cables  from  ground  currents? — ^p.  282. 

Q  II  What  kind  of  duct  and  what  kind  of  insulation  is  best  for  under- 
ground lines? — p.  283. 

Q  12  Do  you  build  conduit  with  your  own  men,  or  do  you  have  it 
done  by  contract?  Which  method  do  you  consider  cheaper, 
and  how  much?— p.  284. 

Q  13  Has  any  one  had  experience  with  tile  conduit  broken  either  from 
water  freezing  in  the  ducts  or  from  water  absorbed  by  the  tile 
freezing  and  cracking  same? — p.  284. 

Q  14  In  laying  multiple  conduit  it  is  the  custom  of  some  companies  to 
use  a  layer  of  concrete  about  three  inches  in  thickness  on  the 
bottom  and  top  of  conduit,  omitting  it  entirely  from  the  sides. 
Has  any  one  had  experience  with  conduits  so  laid  being  inter- 
fered with  or  broken  by  men  of  other  companies  working 
around  it?  Has  this  method  been  found  to  be  poor  or  good 
economy? — p.  285. 

Q  15  How  is  the  leakage  of  illuminating  gas  into  subway  manholes 
prevented  or  checked? — p.  285. 

Q  16  What  is  the  best  method  of  preventing  explosions  in  manholes 
from  the  combination  of  illuminating  gas  and  air,  as  well  as 
mixtures  of  other  gases  and  air? — p.  286. 

Q  17  Would  it  be  a  desirable  adjunct  in  a  transformer  manhole  to  have 
a  ventilating  tube  run  from  the  bottom  of  the  manhole  to  the 
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Open  air,  or  do  the  pipes  carrying  the  cables  provide  sufficient 

circulation  of  air? — p.  287. 

Q  18  Is  any  feeder  cable  safe  (in  large  high-tension  systems)  that  will 
not  stand  test  of  double  voltage  for  one  minute? — p.  287. 

Q  19  What  is  the  reason  for  the  slow  introduction  of  high-tension 
undergrotmd  cables,  above  13,000  volts? — ^p.  288. 

Q  20  Is  the  installation  of  static  discharge  gaps  at  both  ends  of  all 
feeders  of  a  high-tension  underground  system  compatible  with 
safe  operation? — ^p.  288. 

Q  21  What  method  of  construction  will  stop  leaking  of  compound  out 
of  paper  and  lead-covered  cables  where  the  end  of  cable, 
sweated  into  the  lug,  is  the  lowest  point  in  cable  run  ? — ^p.  289. 

Q  22  What  is  the  cause  of  bubbles  rising  in  compound  of  terminal 
bells  in  13,000-volt  paper  and  lead-covered  cable  transmission 
lines  after  same  have  been  in  service  some  time? — p.  289. 

Q  23  In  an  underground  3-wire  110-220- volt  direct-current  distributing 
system  is  a  bare  stranded  cabje  satisfactory  for  neutral  con- 
ductor?— p.  289. 

Q  24  What  are  the  lowest  figures  on  record  of  the  annual  cost  per 
mile  of  maintaining  underground  lines  under  ordinary  condi- 
tions?— ^p.  290. 

Q  25  In  a  moderate-sized  system,  direct-current,  3-wire,  110-220  volts, 
about  2000  kilowatts,  it  is  suggested  to  operate  from  the  sta- 
tion 'bus  all  feeders  running  to  a  distance  of  1000  feet  or 
under.  Pressure  wires  determine  the  rate  of  rise  of  'bus  e.m.f. 
at  time  of  maximum  load.  Beyond  this  distance  feeders  are 
regulated  by  motor-driven  boosters,  latter  series  wound.  How 
does  this  check  up  with  modern  practice  in  regulation? — p.  290. 

Q  26  Are  there  any  factors,  except  the  resistance,  that  would  cause  an 
observable,  loss  of  energy  or  watts  on  a  25-cycle,  3-phase  trans- 
mission line  about  seven  miles  long,  one-half  of  which  is  paper- 
lead  3-conductor  cable  and  one-half  overhead,  operating  at  or 
under  15,000  volts,  and  at  any  power  factor,  including  unity? 
If  so,  enumerate  same  and  give  formula  for  their  determination, 
—p.  291. 

Q  27  What  is  the  best  roof  or  top  (not  cover)  for  manholes  containing 
subway  transformers  and  designed  with  a  view  to  keeping 
water  from  penetrating  during  spring  thaws  and  heavy  rains? 
— p.  292. 

R 

Transformers 

R     I    What  has  been  the  average  life  of  lighting  transformers? — p.  292. 
R    2    Which  is  the  better  type  of  transformer  to  use,  core  or  shell,  for 

motor  service?     For  lighting  service? — p.  293. 
R    3     Will  a  meter-current  transtorraer  always  maintain  its  calibration 

if  operated  within  its  rated  capacity? — p.  294. 
V.  2—35 
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R  4  What  is  good  practice  in  the  way  of  inspection  of  transformer  for 
insulation,  leakage  and  weakness? — p.  294.         * 

R  5  (a)  Do  you  test  transformers  before  placing  them  on  the  line 
and  at  intervals  after  they  have  been  in  service?  (b)  How 
are  the  records  of  such  tests  kept? — ^p.  294, 

R  6  What  is  the  liability  of  puncturing  the  insulation  between  the 
primary  and  secondary  coils  of  a  current-meter  transformer 
by  opening  the  secondary  circuit  with  a  full  load  on  the  pri- 
mary?— ^p.  296. 

R  7  (a)  Is  it  good  practice  to  use  transformers  of  different  sizes  on 
an  interconnected  secondary  system,  and  how  should  they  be 
fused?  (b)  How  should  individual  transformers  be  fused? 
—p.  296. 

R  8  (a)  How  should  the  sizes  of  transformers  and  secondary  mains 
be  determined?  (b)  What  are  the  limits  of  economy  in  sub- 
stituting large  transformers  for  smaller  ones? — ^p.  299. 

R  9  Is  it  good  practice  to  bank  transformers  in  other  than  very 
thickly  settled  districts ;  for  example/  in  a  district  four  blocks 
square,  supplying  50  customers  ?— p.  299. 

R  10  (a)  How  much  transformer  capacity  should  be  allowed  for  satis- 
factory motor  service?  (b)  Should  lights  and  power  be  served 
from  the  same  transformer? — p.  300. 

R  1 1  On  a  three-wire  secondary  line,  i  io-220-volts,  3000  feet  long, 
there  are  two  transformers  of  30  kilowatts  each,  located,  re- 
spectively, 750  feet  from  either  end  of  the  secondary  line.  Both 
transformers  are  supplied  with  current  from  the  same  primary 
circuit.  The  maximum  load  at  any  one  time  is  very  close  to 
1500  i6-candle-power  lamps.  The  proportion  of  this  load 
located  on  either  side  of  a  point  halfway  between  the  two 
transformers  at  any  time  does  not  exceed  60  per  cent  of  the 
total  load  of  the  entire  secondary  circuit.  Is  it  better  to  oper- 
ate these  two  transformers  in  multiple  on  a  continuous  sec- 
ondary circuit,  or  is  it  better  practice  to  cut  the  secondary 
circuit  at  a  point  halfway  between  the  two  transformers  and 
operate  the  secondary  as  two  separate  circuits,  each  one  fed 
by  one  of  the  above-mentioned  transformers? — ^p.  302. 

R  12  What  amount  of  overloading  of  transformers  on  peak  load  will 
give  the  best  all-day  efficiency?  What  per  cent  overload  is 
safe  or  economical? — ^p.  304. 

R  13  What  reasons  have  led  to  the  recent  increase  in  insulation  in 
transformers?  This  has  been  noticed  particularly  in  lo-kilo- 
watt  apparatus. — ^p.  304. 

R  14  Do  we  not  pay  too  much  for  high  efficiency  in  the  transformer, 
and  would  not  a  slight  increase  in  the  power  loss  effect  a  great 
saving  in  first  cost  and  interest? — p.  305. 

R  15  Are  transformers  as  efficient  when  wound  for  6000  to  16,000 
alternations  without  changing  the  primary  connections  as 
transformers  that  are  wound  for  one  frequency  only? — ^p.  306. 
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R  16  In  changing  over  an  iioo- volt,  .single-phase  system  to  2200  volts, 
is  it  practical,  safe  and  economical  to  take  two  transformers 
of  the  same  size  and  type,  connect  the  primaries  of  the  two 
in  series  and  parallel  the  secondaries? — p.  306. 

R  17  What  causes  a  transformer  to  generate  static  current  which 
affects  the  secondary  circuit  to  the  extent  that  a  person  can 
not  handle  a  chandelier  or  desk  fan  without  receiving  a  severe 
shock? — p.  308. 

R  18  (a)  Does  a  transformer  oil  deteriorate  through  use,  and  to  what 
extent?  (b)  What  are  the  results  of  immersing  insulation  in 
oil  for,  say,  five  years? — p.  309. 

R  19  (a)  Have  you  been  compelled, 'to  place  constant-current  trans- 
formers in  separate  rooms  on  account  of  insurance  rules?  (b) 
Do  you  make  provision  for  draining  the  oil  from  these  trans- 
formers in  case  of  fire? — p.  309. 

R  20  (a)  What  is  considered  the  best  practice  in  protecting  trans- 
formers from  lightning — kick  coils  or  lightning  arresters,  or 
some  of  each?  (b)  What  form  of  ground  is  efficient  and  least 
expensive  to  install? — p.  310. 

R  21  Is  grounding  the  neutral  of  a  three-wire  secondary  system  found 
to  break  down  many  transformers  by  lightning? — p.  312. 

R  22  (a)  Is  it  advisable  to  ground  a  transformer  where  using  the 
two-Mrire  system,  and  (b)  is  the  efficiency  affected  if  the  pri^ 
mary  or  secondary  coils  are  connected  in  series  ?-<-p.  313. 

R  23  Should  not  the  grounded  '*Y"  connections  be  required  in  trans- 
formation from  high-voltage  to  low-voltage  distribution  system, 
as  a  matter  of  safety  to  life  as  well  as  property?— p.  314. 

R  24  Has  the  oil-cooled  air-transformer  any  advantages  over  the  air- 
blast  type  for  transmission  line  work  where  lightning  dis- 
turbances are  frequent? — p.  314. 

R  25  Would  it  be  feasible  to  step  down  from  a  Hne  pressure  of  10,000 
volts  to  a  pressure  of  2300  volts,  transformer  to  be  located  on 
a  pole  exposed  to  the  weather?  This  question  arises  in  the 
case  of  a  small  town  too  far  from  the  generating  station  to 
feed  economically  at  4000  volts,  the  load  of  which  does  not  at 
present  warrant  the  installation  of  a  substation. — ^p.  315. 

R  26  Have  any  members  had  trouble  with  fioating-coil  constant-cur- 
rent transformers  "pumping"  or  "churning"  violently  at  un- 
even intervals?  If  so,  under  what  circumstances  or  conditions, 
and  what  remedy  can  be  applied  ?-^p.  316. 

R  27  To  what  extent  is  the  use  of  the  *  Two-transformer  Resultant 
Delta"  method  of  transformation  liable  to  unbalance  a  3-phase 
system  on  full  load  where  the  capacity  of  transformers  is  50 
per  cent  of  generating-plant  capacity? — p.  317.  , 

R  28  With  a  cost  of  5  per  cent  in  favor  of  a  3-phase  transformer 
against  three  single-phase  transformers  of  same  total  capacity, 
which  is  the  more  desirable  and  economical  to  install  to  fur- 
nish current  to  a  3-pha3e  induction  motor?     In  other  words. 
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would  one  3-phase,   i5-.kilowatt  transformer  be  preferable  to 
three  single-phase,  5-kilowatt  transformers? — p.  318. 


S 
Lamps — Arc,  Incandescent,  Etc. 

S  I  In  rating  alternating-current  arc  lamps  should  the  apparent  or 
the  real  watts  be  the  basis? — p.  319. 

S  2  What  are  fair  ratings  for  enclosed-arc  lamps  that  are  neither  200a 
nor  1200  candle-power? — p.  320. 

S  3  What  is  the  cause  of  hardening  of  the  points  of  carbons  in 
enclosed  alternating-current  lamps,  with  consequent  unsatis- 
factory operation  when  voltage  is  correct? — p.  321. 

S  4  What  results  have  been  obtained  by  the  use  of  five-sixteenths-inch 
carbons  instead  of  one-half-inch  carbons  in  direct-current  en- 
closed-arc  lamps  of  three  and  five  amperes ;  also  in  6  and  7.5- 
ampere  alternating-current  arc  lamps?  What  is  the  additional 
cost  per  kilowatt-hour  for  operation  and  maintenance,  and 
how  is  the  extra  expense  justified? — p.  322. 

S  5  What  has  been  the  experience  with  the  new  heat-resisting  inner 
globes? — p.  323. 

S  6  What  results  have  been  obtained  with  low-current  arc  lamps,^ 
say  three  amperes  and  less,  in  regard  to  steadiness  of  light,, 
burning  hours,  efficiency,  and  in  general? — p.  324. 

S  7  What  are  the  principal  troubles  in  connection  with  the  operation 
of  series  alternating  arc  lamps,  circuits  and  regulators  ? — ^p.  325. 

S  8  What  percentage  of  total  hours  outage  from  all  causes  is  con- 
sidered reasonable  on  a  system  of  1000  o.6-ampere  direct- 
current  open-arc  lamps;  also  for  alternating-current  or  direct- 
current  enclosed  series? — ^p.  326. 

S  9  (a)  To  what  extent  are  automatic  cut-out  switches  (that  is,  an 
automatic  device  that  cuts  the  lamp  out  of  arc  circuit  and  closes 
series  arc  circuits  when  lamp  is  lowered)  in  use?  (b)  Do 
they  operate  successfully  on  high-voltage  circuits? — p.  326. 

S  10  What  method  can  be  used  to  obviate  open  circuits  in  the  connec- 
tions between  series  arc  lamps  and  their  absolute  cut-outs? 
—p.  2^2,7, 

S  II  Is  it  better  on  three-phase  machines  to  operate  arcs  on  one  phase 
with  incandescents  and  balance  by  regulator  against  other  two 
phases,  carrying  incandescent  single  phase,  or  to  distribute 
the  arcs  on  the  three  phases? — p.  2i^. 

S  12  What  should  be  the  cost  of  trimming  street  arc  lamps  (carbons, 
globes,  labor,  etc.)  for  a  plant  operating  600  street  arcs,  alter- 
nating enclosed?    Territory  covered,  nine  square  miles. — p.  328^ 

S  13  How  does  the  free  arc  lamp  trimming  and  maintenance  cost  com- 
pare with  free  incandescent  lamp  renewals  and  with  free  Meri- 
dian lamp  renewals? — p.  329. 
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S  14  Sum  up  the  relative  advantages,  and  economy  of  using  direct- 
current  enclosed  arc  lam^s   for   store  lighting,   as  compared 

with  alternating-current  lamps. — ^p.  330. 
S  15    What  are  the  best  arguments  in  favor  of  arc  lighting  (irtterior) 

as  against  (a)  gasolene  (b)  acetylene  lamps? — p.  330. 
S  16    With  the  same  care  and  skill  applied,  is  there  any  reason  why 

renewed  incandescent  lamps  should  not  be  as  good  as  new 

ones? — p.  331. 
S  17    How  far  can  the  target-diagram  test  of  incandescent  lamps  be 

depended  upon  in  determining  the  relative  merits  of  different 

makes  of  lamps? — p.  332. 
S  18     (a)  What  is  the  present  status  of  the  250- volt  incandescent  lamp 

as  to  life,  cost  and  efficiency?     (b)  Are  the  sockets  marked 

"250  V,"  now  on  the  market,  suitable  for  this  voltage? — p.  333. 
S  19    What  has  been  found  to  be  the  life  of  the  Meridian  lamp,  and 

how  does  cost  of  free  renewal  compare  with  free  renewal  of 

incandescent  lamps? — ^p.  334. 
S  20    Are  the  Nernst  lamps,  3  and  6-glower  type,  220-volt,  giving  good 

satisfaction  ?^p,  335. 
S  21     On   what   basis   do   you   furnish   installations   and   renewals   of 

Nernst  lamps  as  compared  with  standard  incandescent  lamps? 

—p.  32^' 

S  22  Does  the  Nernst  lamp  maintain  its  candle-power  as  well  as  a 
3.5- watt  incandescent  lamp? — ^p.  337. 

S  23  From  a  manager's  standpoint,  is  a  Nernst  multiple-glower  lamp 
preferable  to  a  multiple-arc  lamp?  Is  a  single-glower  lamp 
preferable  to  a  Meridian  lamp? — p.  337. 

S  24  What  per  cent  is  the  life  factor  of  a  Nernst  lamp  decreased  by 
variation  in  voltage  of  4  per  cent  or  5  per  cent  each  side  of 
■normal?  This  fluctuation  to  occur,  on  an  average,  twice  in 
an  hour. — p.  338. 

S  25  Is  the  objection  raised  by  some  that  the  mercury-vapor  lamps 
are  injurious  to  the  eyes  well  founded? — p.  339. 

S  26  Is  the  Cooper  Hewitt  mercury-vapor  lamp  considered  satisfactory 
for  window  lighting,  especially  as  regards  the  green  tinge  being 
noticeable? — ^p.  340. 

S  27  Describe  recent  installations  of  latest  type  Gx)per  Hewitt  lamps, 
giving  results  and  comparison  with  arcs  and  incandescents  ior 
factory,  machine  shop,  printing  presses,  etc. — p.  341. 

S  28  (a)  What  is  the  best  way  of  turning  multiple  lamps  or  electric 
signs  on  and  off  at  predetermined  hours — by  patrolmen  or  by 
means  of  automatic  time  switch?  (b)  Have  you  found  a  prac- 
tical and  reliable  time  switch  for  the  purpose? — p.  344. 

S  29  What  should  be  the  characteristics  of  an  incandescent  lamp  to 
operate  satisfactorily  on  25  cycles? — p.  345. 

S  30  Where  incandescent  lamps  are  used  for  street  lighting,  what 
candle-power  lamp  should  be  used? — p.  345. 
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. .  S  31     (a)  Is  the  Nernstlamp  much  used  for  street  lighting?    (b)  Does 
it  prove  satisfactory  for  such  work,  and  what  are  its  faults? 

—p.  346. 
.    S  ^    What  are  likely  to  be  the  causes  of  the  sticking  or  welding  to- 
gether of  the  carbon  points  in  alternating-current  series  en- 
closed arcs,  especially  when  it  occurs  simultaneously  in  several 
lamps  on  a  circuit? — p.  348. 


Heating,  Battery  Charging  and  Power 

T  I  What  are  the  central  stations  doing  to  help  along  the  electric- 
heating  industry? — p.  350. 

T  2  Does  the  extensive  use  of  heating  appliances  prove  to  be  a 
desirable  load? — ^p.  351. 

T  3  What  is  the  best  method  of  charging  storage  batteries  used  in 
carriages? — p.  351. 

T  4  Is  there  a  good,  strong,  practical  rectifier  for  charging  automo- 
bile batteries  from  alternating-current  circuits? — p.  352. 

T  5  What  is  the  experience  of  members  with  mercury-vapor  rectifiers 
for  automobile-charging  stations? — p.  353. 

T  6  (a)  What  is  the  usual  price  for  current  for  charging  the  bat- 
teries of  electric  vehicles?  (b)  Is  a  minimum  charge  advis- 
able? (c)  Is  it  customary  for  the  central  station  to  fill  the 
batteries  with  electroljrte  ? — p.  354. 

T  7  How  would  the  advent  of  a  cheap  and  satisfactory  alternating- 
current  rectifier  affect  the  alternating-current  motor  business? 
Would  the  direct-current  motor  drive  the  alternating-current 
motor  out  of  the  field? — p.  355. 

T  8  Which  is  more  important  to  the  central  station — ^high  power 
factor  or  high  efficiency  in  the  apparatus  receiving  power  from 
the  station? — p.  356. 

T  9  Does  the  average  induction  or  synchronous  polyphase  motor  take 
a  balanced  load? — ^p.  357. 

T  10  Is  the  maintenance  of  a  single-phase  motor  any  more  trouble- 
some or  expensive  than  that  of  the  average  direct-current 
motor?— p.  357. 

T  II  What  is  the  best  practice,  from  an  engineering  as  well  as  from 
an  underwriter's  standpoint,  in  designing  the  service  leads  and 
the  fuses  supplying  induction  motors?  Should  the  service 
wires  and  fuses  be  of  such  capacity  as  to  handle  a  continuous 
100  per  cent  overload  on  the  motors? — ^p.  359. 

T  12  Is  there  any  way  to  prevent  throwing  of  oil  from  an  oil  ring 
bearing,  especially  on  small  motors  and  generators  under  15-hp 
and  more  particularly  under  5-hp? — ^p.  360. 

T  13  Are  the  individual  motor-driven  refrigerating  devices  now  on 
the  market  practical  from  a  standpoint  of  economy  and  profit 
to  central  stations? — p.  361. 
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T  14  Are  there  any  electric-light  stations  that  are  furnishing  current 
for  motors  operating  water-works  pumping  plants  situated  at 
a  distance  from  the  station,  and  with  what  success?— p.  362. 

T  15  (a)  Is  it  good  practice  to  use  motor-driven  pumps  for  city  pump- 
ing for  a  standpipe  system  in  a  town  of  from  3000  to  5000 
people?  (b)  Which  are  the  best  adapted — gear  plunger  pumps, 
duplex  pumps  or  turbine  pumps?  (c)  What  would  be  the  cost 
of  installation,  also  rates  per  kilowatt-hour,  for  which  it  could 
be  done  to  show  a  profit  in  a  24-hour  plant? — ^p.  363. 

T  16  What  is  the  best  way  to  handle  elevators  on  alternating-current 
system  having  small  units  and  light  load? — ^p.  3^3. 

T  17  What  is  the  energy  consumption  per  car  mile  of  high-speed, 
hydraulic,  electric-driven  elevators? — ^p.  364, 

T  18  What  has  been  the  experience  with  motor-driven,  two  or  three- 
stage  centrifugal  pumps  in  connection  with  electric-hydraulic 
elevators;  (a)  with  direct-current  motors  and  (b)  with  alter- 
nating-current motors? — p.  365. 

T  19  What  measures  should  be  taken  to  promote  the  sale  of  power  to 
farmers  for  driving  agricultural  machinery? — p,  365. 

T  20  What  advantages  has  the  induction  motor  over  synchronous 
motors? — p.  366. 

T  21  Give  some  method  for  switching  large  synchronous-motor  units 
to  the  supply  mains,  avoiding  the  use  of  starting  compensator 
or  separate  starting  motor. — p.  367. 

T  22  How  do  small  electrically  operated  refrigerating  machines  com- 
pare in  operating  cost  with  ice,  300  pounds  per  day  ? — p.  368. 


XJ 

Meters 

U    I     What  has  been  the  experience  with  prepayment  meters? — p.  368. 

U  2  What  effect  have  slot  meters  upon  sales;  have  they  reduced  or 
increased  sales? — p.  369. 

U  3  What  satisfaction  have  slot-machine  prepayment  meters  given; 
have  they  been  found  as  efficient  generally  as  the  other  meters  ? 
Assuming  slot  meters  to  be  entirely  satisfactory,  would  it  be 
considered  good  policy  to  install  them  for  any  consumer  who 
wished  to  be  supplied  with  one,  or  would  it  be  better  to  supply 
them  only  to  doubtful  consumers? — p.  370, 

U  4  How  can  you  satisfy  the  customer  that  his  meter  registers  his 
consumption  correctly? — p.  370. 

U  5  What  effective  means,  if  any,  have  been  found  to  make  it  impos- 
sible for  a  customer  to  beat  a  recording  wattmeter,  or  what 
special  precautions  can  be  taken  by  an  electric-light  company  to 
detect  same? — p.  377. 

U  6  What  percentage  variation  from  no  load  to  50  per  cent  overload 
should  be  allowable  on  consumers'  meters? — p.  381. 


552  INDEX  II— QUESTIONS 

QUBSTION 

U    7    If  a  meter  is  found  creeping  forward,  is  it  advisable  to  grant  the 

customer  a  rebate? — p.  382, 
U    8    What  will  be  the  effect  on  a  16,000  alternating  meter  to  have 

15,000  alternations   or    17,600  alternations   at   the   generator? 

—p.  385. 

U  9  Why  does  a  very  slight  jarring  continuing  about  12  hours  out  of 
24  cause  a  meter  to  run  gradually  slower  and  slower,  and  how 
can  it  be  remedied?  The  meter  has  to  be  replaced  about  once 
every  ten  months. — ^p.  386. 

U  10    How  often  should  consumers*  meters  be  tested  ? — ^p.  390. 

U  II  What  is  the  best  method  of  caring  for  meters;  should  they  be 
carried  to  a  test  room  for  repairs  and  calibrating,  or  should 
they  be  calibrated  in  place? — p.  393. 

U  12  Should  a  specific  charge  be  made  for  a  meter  test  that  customer 
has  requested  when  meter  is  found  slow? — ^p.  396. 

U  13  What  is  the  best  method  of  testing  Thomson  recording  watt- 
meters on  the  customers'  premises?  Is  there  any  convenient 
portable  device  that  can  be  used  as  a  variable  load  in  making 
such  tests? — p.  397. 

U  14  What  is  the  best  way  of  keeping  a  meter  record?  This  applies 
to  the  consumer's  end  of  the  service. — p.  401 

U  15  Are  commutator-type  recording  wattmeters  correct  for  inductive 
loads  ? — ^p.  403. 

U  16  What  are  the  points  to  be  considered  in  deciding  what  make  of 
meter  to  use  in  order  to  get  the  best  results? — p.  405. 

U  17  What  has  been  station  experience  for  past  few  years  with  four 
types  of  bearings  for  integrating  meters,  as  follows:  (a) 
regular  steel-ball  pivot  on  round  cup  sapphire;  (b)  regular 
steel-ball  pivot  on  flat  diamond;  (c)  magnetic-flotation  bear- 
ings; (d)  ball  and  two-cup  sapphires  (present  Westinghouse 
bearing). — p.  407. 

U  18  What  is  the  prevailing  opinion  among  direct-current  plants  as 
to  use  of  integrating  watt-hour  meters  as  against  integrating 
ampere-hour  meters,  or  equivalents  of  the  latter? — p.  408. 

U  19  For  alternating-current  work,  as  a  general  proposition,  have 
meters  of  the  Thompson  (commutator)  type  proved  nearly 
equal  to  the  better  class  of  induction  meters,  taking  all  points 
into  consideration? — p.  408. 

U  20  What  is  the  cause  and  practical  remedy  for  the  reversal  of  error 
range  in  a  Thomson  polyphase  meter  connected  up  for  test- 
ing, both  sides  in  series  or  connected  on  three-phase  circuits; 
that  is,  why  does  the  meter  run  fast  on  low  loads  and  slow 
on  heavy  loads  ? — p.  410. 

U  21  What  is  a  cheap  and  accurate  way  of  determining  the  flux  den- 
sity of  permanent  magnets  used  for  recording  watt-meters? 
— p.  410. 

U  22  What  damage  does  a  meter  sustain  by  being  exposed  to  changes 
of   weather,  etc.,   attached   to  outside   of  residences   in   semi- 
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protected   places,    such   as   porches,   etc.,    with   overhead   pro- 
tection?— ^p.  412. 

U  2S  In  metering  a  3-phase  circuit  having  a  power  factor  less  than 
unity  by  means  of  two  single-phase  meters,  one  meter  runs 
slow;  what  determines  which  meter  will  be  the  slow  one? 
—p.  414. 

U  24  Is  it  advisable  to  use  a  balanced  3-phase  recording  wattmeter 
for  metering  the  power  taken  by  the  average  3-phase  motor? 
— p.  416. 

U  25  What  plan  has  been  found  to  rectify  delay  in  reading  meters 
when  located  inside  of  buildings  with  occupants  absent?  This 
in  view  of  the  loss  of  time  from  a  high-priced  meter  man's 
repeated  calls. — p.  417. 

U  26  What  is  the  average  cost  of  annual  maintenance  (a)  for  meters 
of  direct-current  type;  (b)  for  meters  of  alternating-current 
tjrpe? — p,  418. 

U  27  What  percentage  of  the  investment  in  meters  would  be  a  reason- 
able figure  for  the  expenses  of  the  meter  department  in  a  plant 
with  about  one  thousand  meters? — p.  418. 

U  28  Has  there  been  a  satisfactory  arrangement  with  wiring  contrac- 
tors whereby  the  location  of  meter  loops  are  accessible  to 
meter  readers,  and  are  they  found  to  live  up  to  such  arrange- 
ment?— p.  419. 

U  29  Does  a  peep-hole  in  the  meter  cover  induce  the  consumer  to 
tamper  with  and  try  to  stop  the  meter? — p.  421. 

U  30  Do  repolished  meter  jewels  and  pivots  give  as  good  service  as 
new  ones? — p.  423. 

U  31  What  are  the  advantages  and  disadvantages  of  an  excessively 
high  torque  in  an  induction  meter? — p.  423. 

U  ^  Where  is  the  best  place  to  locate  a  meter  in  a  private  residence, 
considering  convenience  for  reading  and  inspecting  and  the 
least  inconvenience  to  the  customer? — ^p.  424. 

U  33  In  small  towns  using,  say,  300  to  500  meters,  is  it  advisable  to 
employ  an  experienced  meter  man,  at  yearly  intervals,  to  go 
over  all  meters  in  use? — ^p.  426. 

U  34  Which  is  the  better  method  of  handling  a  meter  department  in 
a  small  company  supplying  from  500  to  1000  customers? 
Should  one  man  be  employed  to  dcvpte  all  his  time  to  read- 
ing and  testing  meters,  extending  the  reading  over  several 
days,  or  should  the  readings  be  made  by  several  men,  taken 
away  from  other  duties  on  two  or  three  days  of  each  month, 
the  testing  to  be  done  by  one  man,  who  also  has  other  duties? 
If  the  former  method  were  followed,  how  many  meters  should 
one  man  be  able  to  take  care  of  properly? — p.  428. 

U  35  What  method  of  metering  current  has  been  found  best  suited 
for  installations  consisting  of  singl-e  and  3-phase,  220-volt  mo- 
tors, resulting  in  an  unbalanced  3-phase  load? — p.  429. 
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U  36  We  are  operating  a  500-volt,  direct-current,  2-wire  circuit  for 
power,  and  while  our  lines,  motors  and  meters  are  protected 
by  lightning  arresters,  we  lose  from  10  to  15  meters  in  the 
spring  from  lightning  discharges.  What  is  the  best  method 
of  preventing,  ^his  ? — p.  430. 

V 

Advertising 

V  I    What  do  you  consider  the  best  method  of  advertising  the  electric- 

lighting  business? — p.  431. 

V  2    Is  a  monthly  bulletin  or  paper  valuable  to  small   stations  for 

advertising  purposes  ? — ^p.  434. 

V  3    Does   newspaper   advertising  pay   in   towns   of   less    than   5000 

people?— p.  434. 

V  4    In  a  city  of  25,000,  to  what     extent  is  it  profitable  to  advertise 

by  means  of  prepared  printed  matter  mailed  to  prospective 
customers? — p.  435. 

V  5    Of  the  various  forms  of  advertising  adopted  by  manufacturers, 

which  appeals  to  you  most  strongly  or  best  accomplishes  its 
purpose?  This  with  special  reference  to  large  and  small  ad- 
vertisements in  technical  papers  and  indiscriminate  and  per- 
sistent circularizing. — p.  436. 

V  6     (a)  Do  exhibit  and  display  departments  pay?     (b)  Could  not 

a  widely-announced  exhibition  of  electrical  novelties  be  ar- 
ranged yearly,  or  oftener,  to  advantage? — p.  437. 

TV 

Contracts  and  Rates 

W  I  What  is  the  remedy  for  customers  using  too  much  light  on  a 
flat  rate,  the  town  being  too  small  for  meter  service? — ^p.  439. 

W  2  What  is  the  best  and  most  practical  way  of  changing  from  flat 
to  meter  rates;  also  the  most  favorable  time  for  making  such 
change? — p.  442. 

W  3  Has  the  legality  of  the  ordinary  lighting  contract  been  tested, 
and  with  what  results? — p.  446. 

W  4  Can  any  information  be  given  relative  to  a  system  of  charging 
without  contract?  Is  it  possible  to  hold  customers  without 
requiring  a  contract  to  be  executed  for  a  period  of  at  least 
one  year? — p.  446. 

W  5  Are  not  public  service  corporations  supplying  electricity  equally 
liable  w*ith  railroads,  etc.,  to  charges  of  discrimination  if  their 
scale  of  rates  or  the  discounts  allowed  depend  upon  the  quan- 
tity of  current  delivered?  If  the  size  of  the  installation  to  be 
served  is  taken  into  consideration  in  connection  with  the  slid- 
ing scale  mentioned  in  the  above  question,  can  the  sliding  scale 
be  justified? — p.  447. 
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W  6  Is  it  a  good  plan  to  have  the  fixed  charge  per  kilowatt-hour  for 
all  meter  customers  and  then  give  discounts  for  payments  at 
the  office  before  a  certain  date,  the  discount  to  vary  with  the 
amount  of  customers'  consumption? — ^p.  448. 

W  7  At  what  price  must  electricity  be  furnished  per  kilowatt  to  com- 
pete with  natural  gas  at  27  cents  per  1000,  for  power  purpose? 
—p.  450. 

W  8  With  gas  at  $1.25  for  heating  and  $1.50  for  lighting,  what  are 
the  best  rates  that  can  be  obtained  for  electric  lighting?  Both 
gas  and  electric  companies  under  the  same  management — p.  451. 

W  9  For  a  town  of  20,000  inhabitants,  which  is  the  most  satisfac- 
tory way  of  selling  current;  at  an  average  rate  of  ten  cents 
per  kilowatt-hour  or  on  a  sliding  scale,  7  to  15  rents,  accord- 
ing to  consumption? — ^p.  451. 

W  10  Is  it  better  to  tend  as  much  as  possible  toward  open  rates  ap- 
plicable to  all  who  come  within  specified  classes  as  regards 
consumption  of  current,  etc.,  or  to  make  special  rates  and 
contracts  with  individuals,  based  on  individual  requirements? 

—p.  452. 

W  II  Has  any  one  found  any  legfitimate  objection  to  the  system  of 
charging  for  electric  current  known  as  the  "Doherty  Rate," 
as  presented  to  the  Cincinnati  meeting  in  1902? — ^p.  454. 

W  12  Should  motors  of  all  sizes  get  the  same  discount  for  the  same 
hours'  service?-^.  454. 

W  13  Should  not  the  smaller  consiuner  that  bums  his  light  from  sun 
to  sun  be  entitled  to  a  meter  rate  nearly  as  low,  if  not  quite, 
as  the  large  consumer  that  uses  only  a  portion  of  his  lights 
all  night,  but  uses  the  full  capacity  during  the  peak? — p.  456. 

W  14  Will  some  plant  using  maximum-demand  meters  give  average, 
highest  and  lowest  yearly  maximum  demand  per  i6-cp  lamp 
or  per  kilowatt  connected,  for  various  classes  of  business ;  for 
instance,  for  residences,  for  lodging  houses,  for  saloons^  etc.? 

—p.  457. 
W  15    How  can  we  best  push  the  electric-heating  business? — p.  458. 

W  16  (a)  Should  different  rates  be  made  for  using  heating  and  cook- 
ing appliances  than  for  regular  lighting?  (b)  Are  such  ap- 
pliances connected  on  light  meter  or  on  separate  meter  ? — p.  459. 

W  17  What  rates  are  used  for  heating  service,  and  are  any  special 
rates  made  for  this  class  of  load? — p.  460. 

W  18  What  rates  are  used  for  charging  storage  batteries,  and  are  any 
special  rates  made  for  this  class  of  load  ? — p.  460. 

W  19  Is  it  good  practice  to  install  electric  signs  on  contract,  making 
special  rates  for  same  and  having  same  controlled  by  time 
switches? — p.  461. 

W  20  What  is  the  best  method  of  proving  to  consumers  paying  at 
meter  rates  that  they  are  not  paying  for  more  current  than 
they  are  using? — p.  462. 
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W  21  What  can  be  done  to  meet  competition  with  gas  engines?  Has 
any  company  found  it  necessary  to  use  special  rates  to  keep 
out  gas  engines? — p.  464. 

W  22  What  system  to  you  advocate  for  handling  the  business  of  the 
contracting  department  ? — p,  465, 

W  23  What  provision  is  made  in  existing  contracts  for  tests  on  arc 
or  incandescent  lamps  for  street  lighting? — p,  466, 

W  24  Should  a  contract  for  incandescent  street  lights  specify  when 
the  lamps  should  be  renewed,  either  as  to  number  of  hours' 
burning  or  as  to  the  minimum  candlerpower  to  be  allowed? 
—p.  467. 

W  25  Should  a  contract  for  incandescent  street  lights  specify  initial 
or  average  candle-power,  and  what  is  a  satisfactory  method 
of  testing  candle-power  of  street  incandescent  lamps? — p.  467. 

W  26  In  wording  a  /contract  for  street  lighting,  what  is  a  fair  descrip- 
tion of  a  so-called  "full-arc,"  or  a  "2000-candle-powef"  arc 
that  will  not  be  misunderstood  and  that  will  stand  a  fair  test? 
Also  a  "half-arc,"  or  a  "1200-candle-power'*  arc? — p.  467. 

W  27  What  is  a  fair  method  of  settling  disputes  between  companies 
and  cities  as  to  whether  the  company  is  actually  furnishing 
2000  or  1200-cp  lights?— p.  469. 

W  28  By  the  use  of  what  argument  anjd  figures  can  a  prospective  con- 
sumer be  convinced  that  an  electric  motor  is  cheaper  than  a 
steam  engine  ? — p.  469. 

W  29  What  do  you  consider  a  fair  week's  work,  either  in  lamps  or 
income,  for  a  solicitor? — p.  472. 

W  30  (a)  What  methods  do  you  use  to  save  clerical  work  for  solici- 
tors? (b)  What  system  of  reports,  if  any,  do  you  use  to 
check  solicitors'  work  and  keep  them  up  to  their  best  efforts? 

—p.  473. 

X 

Accounting  and  Statistics 

X     I     Where  can  I  get  information  concerning  best  methods  of  electric- 
light  and  telephone  accounting  and  statistics? — p.  475. 
X    2    What  is  the  best  system  of  billing  goods  for  wiring,  current,  etc.  ? 

—p.  475. 
X    3    What  are   some   of  the  best   ways    for  keeping  rent   or   meter 

accounts? — p.  475. 

X  4  What  is  the  best  and  easiest  method  of  keeping  a  record  of  trans- 
formers and  meters? — p.  476. 

X  5  What  percentage  of  depreciation  should  be  charged  on  station 
and  equipment? — p.  478. 

X  6  What  is  considered  a  proper  list  of  operating  records  for  use 
in  analyzing  the  operation  of  a  steam  plant?  How  much  de- 
tail should  be  exhibited  by  these  records  in  a  6000-kilowatt 
steam  plant  producing  alternating  current? — p.  478. 


i, 
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X  7  What  success  has  been  obtained  in  devising  and  maintaining  a 
systematic  method  of  recording  and  satisfactorily  analyzing 
all  cases  of  trouble  in  the  operation  of  central-station  systems? 
—p.  480. 

X  8  What  is  the  average  output  per  pound  of  coal  (stating  kind  used) 
in  plants  using  compound  engines;  size  of  plant  2000  to  5000 
kilowatt? — p.  480. 

X  9  What  percentage  of  total  generated  output  is  lost  or  unaccounted 
for,  and  what  is  the  percentage  of  each  of  the  classes  of  such 
losses  or  imaccounted-for  current? — p.  480. 

X  10  In  an  Edison,  three-wire,  overhead,  direct-current,  iiO-220-volt 
system,  with  mains  interconnected  and  feeders  arranged  to 
give  good  regulation  of  voltage,  about  what  per  cent  is  lost 
between  station  meters  and  consumers'  meters? — ^p.  481. 

X  II  What  is  the  best  method  of  keeping  record  of  connected  load? 
—p.  481. 

X  12  Is  it  not  better  to  have  the  consumers'  ledger  segregated  accord- 
ing to  meter  route,  rather  than  alphabetically? — p.  482. 


Management 

Y  I     (a)  Is  a  day  service  justifiable  in  a  small  town,  and  what  kind 

of  power  business  can  be  worked  up ;  (b)  what  kind  of  power 
rate  should  be  charged? — p.  485. 

Y  2     (a)  What  has  been  the  experience  of  central  stations  in  thawing 

out  frozen  water  pipes?  (b)  How  was  the  current  limited  to 
what  the  apparatus  would  stand? — p.  486. 

Y  3    Will  a  small  central  station  operating  iioo  to  52  volts,  125  cycles, 

be  warranted  in  changing  over  to  2200,  230-115  volts,  60  cycles, 
when  transformers  are  all  old,  but  wattmeters  comparatively 
new  (commutator  type)  ?  Power  business  of  little  conse- 
quence; no  day  circuit  at  present. — ^p.  488. 

Y  4    What  is  the  practice  in  inspecting  wiring  in  a  house  wired  when 

built,  but  to  which  current  is  not  supplied  until  several  years 
later?    What  charge,  if  any,  should  be  made  to  the  customer? 

—p.  489. 

Y  5    In  a  town  of  10,000  people,  should  a  lighting  company  do  house 

wiring  and  deal  in  fixtures? — ^p.  489. 

Y  6    Is  it  advisable  to  charge  a  5-per-cent  penalty  for  non-payment 

of  bills  within  ten  days  of  date? — p.  491. 

Y  7     (a)  What  amount  per  i6-cp  equivalent  of  new  business  obtained 

do  you  spend  for  soliciting  and  for  advertising?  (b)  Would 
you  consider  it  advisable  to  increase  or  to  decrease  either  or 
both  of  these  items? — p.  492. 
.  Y  8  (a)  Do  you  charge  for  cutting  of  wires  in  connection  with  moving 
of  houses?  (b)  Do  you  collect  damages  for  shut-downs?  (c) 
Have  you  ordinances  regulating  moving  of  houses? — p.  492. 
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Y  9    An  electric-lighting  company  has  a  20-year   franchise  granting 

the  right  to  use  one  side  of  the  alleys  for  erection  o^  its  pole 
lines.  Has  any  other  company,  either  lighting,  telephone  or 
telegraph,  the  lawful  right  to  use  the  same  side  of  the  alley 
by  placing  its  poles  between  the  wires  of  the  first-mentioned 
company  after  said  company  has  had  its  pole  line  erected  and 
in  operation?  What  is  the  experience  of  others  in  regard  to 
such  interference? — ^p.  494. 

Y  10    Which  is  better  practice — to  charge  for  the  fittings  of  the  Meri- 

dian lamp  or  furnish  them  free? — ^p.  494. 

Y  II     W^ho  pays  for  the  street  connection,  the  light  company  or  the 

consumer;  that  is,  what  is  the  prevailing  rule? — ^p.  495. 

Y  12     (a)   Is  it  common  practice  among*  central-station  managers  to 

furnish  free  arc  lamps  on  their  commercial  lines — i.  e.,  the 
company  pays  the  purchase  price  and  the  arc  lamps  remain 
the  property  of  the  company?  (b)  Are  they  as  a  rule  put  on 
fiat  or  meter  rate,  and  what  is  the  usual  rate  charged  on 
either? — p.  496. 

Y  13    Under   what   conditions   is  a   small   central   station,  at   present 

equipped  with  133-cycle  apparatus,  justified  in  changing  over  to 
60-cycle? — ^p.  498. 

Y  14    What  particular  characteristics  as  to  age,  temperament  and  edu- 

cation do  you  consider  most  desirable  and  practicable  in  men 
for  operating  stations  and  substations? — ^p.  498. 

Y  15    What  set  of  written  or  printed  rules  and  regulations  are  in  use 

by  electric-light  companies,  covering  the  government  of  em- 
ployees, also  as  to  proper  precautions  to  be  taken  in  doing 
hazardous  work,  etc.? — p.  499. 

Y  16    Is  it  advisable  to  make  a  rebate  to  hold  the  consumer  in  case  of 

a  large  bill,  when  the  meter  and  meter  readings  are  known  to 
be  correct? — ^p.  499. 

Y  17    Is  it  good  practice  to  insist  on  deposits  from  all  consumers  ir- 

respective of  their  standing  in  the  commimity,  and  if  so,  should 
the  deposit  be  in  proportion  to  the  installation? — ^p.  501. 

Y  18     (a)    In  case  an  installation  has  been  passed  upon  by  the  city 

inspector  as  satisfactory,  does  the  electric  company  have  the 
right  to  refuse  the  service  if  it  is  satisfied  the  work  has  not 
been  done  properly?  (b)  In  such  case,  can  the  householder, 
when  he  is  willing  to  assume  the  risk,  come  back  on  the  com- 
pany for  damages  for  failure  to  serve? — p.  503. 

Y  19    What  is  the  best  method  of  marking  incandescent  lamps,  at  the 

time  of  issue,  so  as  to  guard  against  unprincipled  people  buy- 
ing old  lamp.^  for  junk  and  exchanging  them  for  new  lamps, 
where  the  company  gives  free  renewals? — p.  503. 
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Z 

..       .  Miscellaneous 

Z  I  What  per  cent  of  regulation  is  secured  in  large  plants  doing  a 
power  and  lighting  business  ? — p.  506. 

Z  2  What  is  being  done,  and  how,  to  utilize  the  exhaust  from  gas 
engine  for  hot- water  heating  ? — ^p.  506. 

Z  3  Are  producer-gas  plants  complete  with  engine  more  economical 
in  units  of  75  to  125  horse-power  than  steam  plants  of  equal 
size? — ^p.  507. 

Z  4  Given  a  town  of  3000  population  wanting  an  electric-light  plant, 
and  having  natural  gas  piped  and  sold  at  15  cents  per  thou- 
sand feet,  with  coal  delivered  at  $2.00  per  ton,  what  shall  I 
install  in  the  way  of  engines,  boilers  and  generators  to  justify 
an  investment? — ^p.  507. 

Z  5  Under  equal  conditions  of  total  current  generated  in  24  hours, 
management,  cost  of  coal  and  supplies,  type  of  engines,  boilers 
and  auxiliary  machinery,  can  a  central  station  doing  an  ex- 
clusive business  in  alternating-current  commercial  and  street 
lighting,  deliver  a  kilowatt-hour  at  switchboard  at  the  same 
cost  that  would  prevail  in  a  direct-current  street  railway 
station? — p.  507. 

Z  6  A  town  of  10,000  inhabitants  has  a  waterfall  10  miles  distant, 
capable  of  supplying  500  brake  horse-power  on  water-wheel 
shaft  nine  months  of  the  year,  but  power  may  be  diminished 
to  200  horse-power  during  part  of  the  other  three  months; 
there  is  a  possible  market  in  the  town  for  1000  kilowatts  for 
traction,  light  and  factory  motors.  Assuming  that  an  auxiliary 
steam  plant  can  be  located  in  the  town,  what  kind  of  voltage 
and  current  should  be  adopted? — ^p.  508. 

Z  7  Can  a  water-power  plant  of  400  to  500  horse-power,  costing  $150,000, 
successfully  compete  with  a  steam  station  of  half  the  cost  with 
coal  (lignite)  at  $1.00  per  ton? — p.  508. 

Z  8  Is  there  a  municipal  electric-light  plant  in  this  country  operated 
economically  and  successfully?  If  so,  state  where  and  grive 
your  authority. — p.  509. 

Z  9  (a)  What  percentage  of  the  normal  direct-current  voltage  is  suffi- 
cient to  bring  a  rotary  converter  of  standard  design  up  to  rated 
speed;  (b)  what  percentage  of  the  normal  alternating-current 
pressure  is  sufficient  to  bring  a  synchronous  machine  of  stand- 
ard design  up  to  rated  speed? — ^p.  509. 

Z  10  Under  what  conditions  do  you  consider  fly-wheel  insurance  desir- 
able or  necessary  for  central  stations? — p.  509. 

Z  II  Is  there  a  possible  market  for  electricity  in  influencing  the  growth 
of  vegetation? — p.  510. 

Z  12  Has  any  one  found  a  satisfactory  time  switch  for  switching  on  and 
off  multiple  arc  or  incandescent  lamps  and  signs? — ^p.  510. 


56o  INDEX  II— QUESTIONS 

Question 

Z  13  What  kind  of  wagon  or  cart  is  best  suited  for  trouble  work,  and 
should  it  have  a  gong? — p.  511. 

Z  14  (a)  What  views  are  now  held  on  the  advisability  of  testing  ap- 
paratus to  a  point  above  working  pressure?  (b)  Does  a 
breakdown  test  mean  a   deterioration   from  that   period   on? 

—p.  5". 

Z  15  Is  it  practical  and  safe  to  operate  a  'phone-ringing  circuit  as  a 
shunt  across  a  number  of  lights  in  series  on  a  direct-current 
circuit? — p.  511. 

Z  16    What  is  a  good  home-made  polish  for  hot  brass  and  steel? — ^p.  512. 

Z  17  How  many  candle  feet  are  required  for  satisfactory  service  in  the 
following  classes  of  buildings:  Churches,  libraries,  bedrooms^ 
ballrooms,  etc.? — p.  512. 

Z  18  What  should  be  the  ratio  of  the  rated  generating  capacity  to  the 
maximum  load  in  central-station  systems? — ^p.  513. 

Z  19  How  can  rotary  converters  used  on  light  and  power  systems  be 
started  from  the  alternating-current  side  with  the  least  amount 
of  effect  upon  the  voltage  of  the  line? — p.  514. 

Z  20  An  Edison  3-wire  system  is  fed  by  rotary  converters  or  motor 
generators  through  transmission  lines  from  a  high-tension 
polyphase  generating  station.  What  is  the  best  and  quickest 
method  of  starting  up  after  a  partial  or  total  shutdown  occur- 
ring at  the  time  of  the  peak? — p.  515. 

Z  21  What  inducements  are  offered  by  electric-lighting  companies  in 
the  large  cities  of  the  United  States  to  owners  of  dwelling- 
house  properties  in  the  built-up  sections  of  the  city  to  encour- 
age and  induce  them  to  wire  their  properties? — p.  516. 

Z  22  What  inducements  do  electric-lighting  companies  in  large  cities 
in  the  United  States  offer  to  architects,  contractors  and  build- 
ers to  encourage  them  to  include  electric-light  wiring  in  their 
plans  and  specifications  for  all  new  dwelling-house  operations? 
—p.  516. 

Z  23  What  arrangements  are  made  by  electric-light  companies  doing^ 
contracting  work  or  supervising  the  work  of  electrical  contrac- 
tors to  comply  with  the  underwriters'  rule  requiring  switch  and 
fuse-box  at  point  of  entrance  of  wires  to  building  to  be  so 
placed  as  to  cut  off  current  from  all  devices,  including  meter, 
and  yet  protect  the  meter  from  short-circuit  on  the  interior 
wiring?  Are  two  sets  of  fuses  used,  one  ahead  and  one  behind 
the  meter?  If  so,  how  is  bridging  the  meter  prevented ?— p.  517. 
Z  24  Would  it  not  be  more  advantageous  if  the  National  Board  of  Fire 
Underwriters  would  establish  standard  centres  for  the  length 
of  enclosed  fuses  and  require  all  manufacturers  to  adhere  to  it? 

—p.  518. 
Z  25  An  electrical  plant  operating  3-phase  system  has  its  city  divided 
into  districts,  each  supplied  from  one  of  its  phases  and  a 
neutral  wire?  With  this  system  would  it  be  preferable  to  use 
single-phase  or  3-phase  induction  motors,  the  3-phase  motors 
necessitating  expense  of  running  the  additional  phases?— p.  518. 
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Accounting  and  statistics 

Accounts,  ledger,  for  customers,  arrangement  of 

*'    *    meter  and  rent,  system  for  keeping 

Accumulators.     See  **  Battery." 

Advertising  by  display  exhibits 

**  by  manufacturers,  effectiveness  of 

**  by  means  of  monthly  bulletin 

**  by  printed  circulars 

**  cost  of  soliciting  and 

*'  in  newspapers 

**  methods 

Aerial  lines.     See  **  Lines,  overhead." 

Agricultural  machinery,  driven  from  central  station . . . 

Air  chamber,  on  boiler-feed  pumps 

Air,  compressed,  for  pumping  water 

compressors  for  cleaning  station  machinery 

pump,  exhaust  steam  from  . .  .* 

Alternators.     See  under  **  Generator." 

Analysis  of  coal,  specificatiorrs  for 

Anchor  ice,  remedy  for 

Apparatus  for  measuring  COg  in  chimney  gases 

Arc  lamps.     See  under  '*  Lamp." 

Arresters,  lightning,  at  junction  of  overhead  to  under- 
ground lines 

Arresters,  lightning,  grounding  to  street-railway  track. 

'*        lightning,  on  series  alternating-cur.  circuits 
Automatic  circuit-breakers  on  generator  and  exciters. 
Automobile  batteries.     See  under  **  Battery." 
Auxiliaries,  condenser,  power  consumed  by 

*'  in  turbine  plant 

Auxiliary  piping,  location  for  header  and 

Battery-room  floor 
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Ques.  X  I 
Ques.  X  12 
Ques.  X    3 

Ques.  V  6 

Ques.  V  5 

Ques.  V  2 

Ques.  V  4 

Ques.  Y  7 

Ques.  V  3 

Ques.  V  I 

Ques.  T  19 
Ques.  C  II 
Ques.  C  14 
Ques.  K  12 
Ques.   G  14 

Ques.  D  7 
Ques.  B  I 
Ques.   E  27 


P-475 
p.  482 

P-  475 

p.  437 
p.  436 
P  434 
p.  435 
p.  492 
p.  434 
P-  431 

p.  365 

p.    32 

p.  34 
p.  162 

p.    95 

p.  45 
p.    10 

p.    76 


Ques.    P  II.  p.  229 

P  39.  p.  272 
Ques.  P  9,  p.  228 
Ques  P  43,  p.  276 
Ques.  K     5,  p.  152 

Ques.  G  25,  p.  102 
Ques.  C  16,  p.  35 
Ques.  G  23,  p.  loi 
Ques.  A    8,  p.      9 


Battery,  storage,  acid  fumes  from Ques.   L  10,  p.  178 

'*        automobile,  electrolyte  for Ques.  T  6,  p.  354 

automobile,  method  for  charging Ques.  T  3,  p.  351 

automobile,  price  for  charging Ques.  T  6,  p.  354 

automobile,  rectifier  for  charging  from 

alternating-current  circuits Ques.  T  4,  p.  352 

V.  2— 36 
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Battery^  storage,  capacity,  at  high  rate  of  discbarge  .    .  Ques.    L    5 

"             **        capacity,  ratio  to  connected  load Ques.   L    7 

*'              **        capacity,  ratio  to  generating  capacity.  Qaes.   L  17 

*'             *'        depreciation  of Ques.  L    2 

efficiency  of Ques.   L    8 

*'             **        expense  of,  for  200  i6-cp  lamps Ques.  L    4 

**              *•        importance  of,  to  central-station  com- 
panies   Ques.  L  16 

''             **        in  medium-sized  plants  ... ., Ques.  L    3 

''             ''        in  small  plants Ques.  L    2 

**        on  exciter  circuit ,  * .  Ques.   L     i 

**             **        recording  meters  on. . .  .»■ > Ques    L    9 

*'             **        regulation,  booster  on  Edison  system.  Ques.  L  15 

*•              '*        regulation  booster  z/^rjMx  end  cell Ques.  L  15 

*'        sediment  in Ques.  L  12 

"              "        separators  for Ques.   L  11 

•'             **        substation  without  operator. Ques.  L    6 

**        sulphate  on  plates  of Ques.   L  18 

'*             '*        tanks,  decay  of  oak ...  Ques.  L  13 

*'             '*        tanks,  paint  for. ,   ..    .  Ques.  L  14 

Bearings,  wood,  lubricant  for Ques.   B    9 

Belts,  calculation  for  length  of :•:•■' Ques.  N     3 

*'      loss  in Ques.  N     2 

"      rubber  ve'  sus  leather , Ques.  N     t 

Bevel  mortise  wheel,  power  lost  in Ques.   B  11 

Billing  goods,  current,  etc.,  system  for. Ques.  X    2 

Bills,  penalty  for  non-payment  of •••••., Ques.   Y    6 

Bituminous.     See  under '*  Coal." 

Boiler, baffle  plates  in ...  Ques.   E     5 

'*       compound,  formula  for Ques.   C     i 

**       draft,  economy  of  forced  and  induced Ques.    F     i 

*•       draft,  effect  of  forced  and  induced Ques.    F     2 

F    3 

"       draft,  forced  or  good  chimney Ques.    F     5 

"      draft,  for  fire-tube  boiler  used  intermittently. .. .  Ques.    F    4 

draft,  value  of,  during  peak  of  load Ques.    F    8 

**      efficiency  during  past  25  years Ques.    E     2 

•'      efficiency,  measured  by  hot-water  meter Ques.   C  20 

feed,  accuracy  of  meters  for Ques.  C  20 

' '       feed  pipes,  scale  in Ques.   C    4 

feed  pump.     See  under  *'  Pump." 

'*      flues,  efifect  of  blowing  with  steam Ques.    E  16 

for  oil  combustion Ques.   E     7 

'       furnace  for  bituminous  coal,  smokeless Ques.    E  25 

furnace  iov  Iowa  block  coal Ques.   E    8, 

*'       furnace  for  internally  fired Ques.   E    6 

gases,  apparatus  for  measuring  CO,  in Ques.   E  27 

**      graie  surface,  size  of  per  kilowatt  of  load Ques.    E  24 

horse  power  of,  rule  for Ques.   E     i 
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Boiler.noi  in  service,  how  keep 

operation  of,  with  chaogiiig  load 

^lugs,  mixture  for  fusible 

rale  of  coal  consumption  per  square  foot  of  grate 

rate  of  evaporation  in  marine  type  

room,  covering  for 

room  labor  in  looo-kw  stations 

safety  valve,  dangers  of 

Scotch  or  water-rube,  special  case.' 

smoke  consumers 

stokers,  cost  of  repairs  on 

stokers  in  small  plants 

stokers,  advantages  of 
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storage  of  heat  in  banked 

tubes,  expanding. .  .> , 

tubes,  method  for  keeping  clean 

water,  treatment  of 

water,  use  of  kerosene  in 

WQod-tired,  dimensions  for 

Brushes,  c^bon,  annual  expense  of 

Bulletins,  mopthly,  as  aid  in  advertising. .;.... 
'  Bus-barSf  higK^tension,  sbapstone  barriers  for, 
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Cable  for  more  than  13,000  volts 

leakage  of  compound  out  of 

safety  of,  if  it  can  not  ttand  double-voluge  test. . 

terminal  bells,  bubbles  in  compoundof 

underground.     See  '*Line«,  underground." 
Carbon  dioxide,  apparatus  for  measuring,  in  waste  gases 
Central  stations.     See  **  Stations." 

Centrifugal  pumps,  motor  driven 

Change  over  from  133  or  125  cycles  to  6q  cycles 

Chimney,  smokeless 

See  also  •'Stack." 
Circuits.     See  under  **  Lines.'* 
Circuit-breakers,  automatic,  on  generators  and  exciteis 

Coal,  bituminous  in  storage,  heating  of 

screenings,  storage  of . . .  .-•. 

smokeless  furnace  for 

**     buying 

**     consumption  per  kw-hour 


Ques.  Q  19,  p.  288 
Ques.  Q  21,  p.  289 
Ques.  Q  18,  p.  287 
Ques.  Q  22,  p.  289 

Ques.   E  27,  p.    76 
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consumption  per  square  foot  of  grate  surface, 
crusher  and  conveyor,  cost  of  operating 
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Coal,  economy  of  various  kinds  of Ques.  D     j,  p.    40 

D    2,  p.    41 

D    3.  p.    41 

for  various  kiods  of  draft Ques.  D     5,  p.    43 

handling,  cost  of Ques.   E  26,  p.    76 

lignite,  method  of  firing  Western Ques.  D  17.  p.    54 

sampling  of Ques.  D    7,  p.    45 

shortage  in  weight Ques.  D    6,  p.    44 

slack,  in  automatic  stokers Ques.  D    4,  p.    42 

value  of,  what  determines Ques.  D  14,  p.    51 

weighing  of Ques.  D    6,  p.    44 

Cochrane  heater  and  purifier,  efficiency  of Ques.  C  18,  p.    37 

Coke,  method  of  firing Ques.  D    8,  p.    47 

**      mixing,  with  soft  coal Ques.  D    8,  p.    47 

Commutator,  life  of Ques.  K  13,  p.  164 

Compound  for  boiler  water  containing  lime Ques.  C     i,  p.    21 

Compressed  air  for  pumping  feed-water Ques.  C  14,  p.    34 

Compressors,  air,  for  cleaning  station  machinery Ques.  K  12,  p.  i6s 

Condenser,   auxiliaries,    for    surface   and    barometric, 

power  consumed  by Ques.  G  25,  p.  102 

Condenser,   auxiliaries  for  high- vacuum,  power  con- 
sumed by Ques.  G  25,  p.  102 

Condenser,  barometric,  loss  of  vacuum  in Ques.  G  25,  p.  102 

cooling  tower,  data  on Ques.  G  19,  p.    99 

cooling  tower  for  small  plant Ques.  G  20,  p.    99 

pumps  for  turbine  units Ques.  G  18.  p.    98 

pumps,  most  reliable  type Ques.  G  17,  p.    98 

suction,  shellfish  in Ques.  G  21,  p.    99 

surface,  failure  to  secure  guaranteed  vacuum  Ques.  G  22,  p.  100 

surface,  parallel  flow  versus  counter  flow. . .  Ques.  G  15,  p.    96 

surface,  turbine Ques.  G  24,  p.  loi 

Conduit,  cost  of  building  by  contract  and  by  own  com- 
pany    Ques.  Q  12,  p.  284 

Conduit,  multiple,  method  of  laying    Ques.  Q  14,  p.  285 

**        tile,  breaking  of,  due  to  freezing  of  water  . . .  Ques.  Q  13,  p.  284 

Contract  department,  management  of Ques.  W  22.  p.  465 

charges  without    Ques.  W    4,  p.  446 

for  lighting,  legality  of Ques.  W    3,  p.  446 

for  street  lighting,  covering  tests  on  lamps. . .  Ques.  W  23,  p.  466 
for  street  lighting,  arc,  description  of  lamps  by 

candle-power Ques.  W  26,  p.  467 

Contract  for  street  lighting,  incandescent,  candle-power 

and  renewals Ques.  W  24,  p.  467 

Contract  for  street  lighting,  incandescent,  candle-power 

and  testing Ques.  W  25,  p.  467 

Contract,  holding  customer  without Ques.  W    4.  p.  446 

Connection  to  street  mains,  charges  for Ques.  Y  i  r,  p.  495 

Convener,  rotary,  starting  of Ques.   Z    9,  p.  509 

Z  19,  p.  514 
Z  20.  p.  515 
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Converter.     See  also  under  **  Substation." 

Conveyer,  coal,  cost  of  operating Qnes.  D  15,  p.    52 

'*         coal,  deterioration  of Ques.  E  23,  p.    73 

Cooper  Hewitt  lamp.     See  **  Lamp,  mercury- vapor." 

Cost  per  kw-hour  in  small  plant Ques.    Z    4,  p.  507 

**    per  kw-hour  in  railway  and  in  lighting  plants  ....  Ques.   Z     5,  p.  507 

Covering  for  boiler-rooms Ques.  A    5,  p.      6 

'*        for  mains  in  steam  district  heating Ques.    J  16,  p.  144 

Cranes,  hand-power,  for  substations Ques.  A    7,  p.      6 

Cross-arms,  life  of  yellow  pine,  cypress  and  white  pine.  Ques.   P  36,  p.  268 

Crusher,  coal,  cost  of  operating Ques.  D  15,  p.    52 

D 

Dam,  water  power  house,  part  of Ques.  B  12.  p.    17 

Day  service  in  small  towns Ques.  Y     i,  p.  485 

Demand,  maximum,  for  various  classes  of  business  . . .  Ques.  W  14.  p.  457 

**        maximum,  ratio  to  generating  capacity Ques.   Z  18,  p.  513 

Deposit  from  customers Ques.  Y  17.  p.  501 

Depreciation  charge  on  station  and  equipment Ques.  K     5,  p.  478 

Diesel  engine.     See  under  **  Engine." 

Discharge  resistance  for  generator  field,  insulation  of. .  Ques.  M  21,  p.  210 

Display  department  for  advertising Ques.   V    6,  p.  437 

District  heating.     See  under  **  Heating." 

Draft.     See  under  **  Boilers." 

Drive,  rope,  for  vertical  to  horizontal  shaf(s Ques.  B  14,  p.    19 

Elevators,  electric-hydraulic,  motor-driven  pumps  for. .  Ques.  T  18,  p.  365 

'*         electric-hydraulic,  energy,  consumption  of. .  Ques.  T  17,  p.  364 

**         on  alternating-current  systems Ques.  T  16,  p.  363 

Engine.     See  also  "Turbines." 

center-crank,  shivering  in  governor  of Ques.  H  24,  p.  119 

clearance,  what  is  meant  by Ques.  H  21,  p.  116 

clearance  in  high-speed  automatic Ques.  H  22,  p.  xi8 

Corliss,  changes  to  increase  compression  in...  Ques.  H  29,  p.  124 

Corliss,  clearance  in Ques.  H  22,  p.  1 18 

Corliss,  economy  of  direct-connected   and  of 

belted Ques.  H  17,  p.  114 

Corliss,  highest  safe  and  economical  speed  of.  Ques.  H  14,  p.  112 
Corliss,    improvement    on,   for  electric-power 

plants Ques.  H  16,  p.  114 

Corliss,  ratio  of  generator  output  to  i.h.p.  of. .  Ques.  H  26,  p.  121 
Corliss,  separate  eccentrics  for  steam  and  for 

exhaust  valves Ques.  H  15,  p.  113 

Diesel,   cost   of   fuel,   compared    with    steam 

engines Ques.  H    9,  p.  no 

H  10,  p.  no 
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Engine,  Diesel,  cost  of  repairs  on Ques.  H  9.  p 

*        Diesel,  lighting  companies  in  east  using Qu^s.  H  9,  p, 

Diesel,  reliability  of Ques^  H  9,  p 

**        Diesel,  why  not  more  used ...  Ques.  H  8,  p 

economy  of  compound  non-condensing  and  of 

simple Ques.  H  12,  p 

economy  of   4 -valve   medium -speed   and   of 

high-speed  compound Ques.  H  13,  p 

economy  of  gas,  Diesel  and  steam Ques.  H  8,  p 

experience  with  4  valves  and  2  eccentrics  and 

shaft  governor  on Ques.  H  16,  p 

gas,  as  auxiliary  to  water-power  plant Ques.  H  4,  p 

gas,  consumption  at  various  loads Ques.  H  2,  p 

gas,  efficiency  compared  with  steam Ques.   Z  3,  p 

gas,  efficiency  guaranteed Ques.  H  6,  p 

gas.  for  day  loads  in  steam  plants Ques.  H  5,  p 

gas,  horse-power  of Quefs.  H  i ,  p 

gas,  on  same  shaft  with  steam  engines Ques.  H  7,  p 

gas,  why  not  more  used Ques.  II  6,  p 

leakage  at  valves  and  piston  of  superheated 

and  of  saturated  steam Ques.  H  18,  p 

non-condensing    compound,    with    low   boiler 

pressure  on  light  loads Ques.  H  25.  p 

reasons  for  using  low -efficiency  during  light 

load Ques.  H  28,  p 

receiver,   economy   of   low    and   of    medium- 
pressure  :   Ques.  H  20,  p 

rings,  piston  packing  for  superheated  steam . .  Ques.  H  23,  p 

room,  roof  construction Ques.   A  3,  p 

**        several   small   belted  versus  large  direct-con- 
nected   Ques.  H  27,  p 

'*        speed  of  piston  in  looo-hp  cross-compound Ques.  H  11,  p 

'*        valves,  plain  and  adjustable  piston Ques.  H  19,  p 

Exciters.     See  under  **  Generators." 

Exhaust  from  air  pumps,  what  to  do  with Ques.  G  14,  p 

from  auxiliaries ' Ques.   C  7,  p 

steam,  removal  of  oil  from Ques.  G  16,  p 

Exhibitions  for  advertising Ques.  V  6,  p 
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Feeders.     See  also  under  '*  Line." 

"        dead-ending  of  heavy  primary Ques.   P    4,  p.  222 

**         regulation.     See  **  Regulation." 

size  and  number  of Ques.   P  13.  p.  233 

Feed-water.     See   *'  Scale,"  "  Heater,"  **  Boiler  water," 
"Pump,"  "Injector." 

Floor,  battery-room Ques.  A     8,  p.      9 

**       construction  for  different  types  of  central  stations    Ques.  A     2.  p.      4 


INDEX  III— GENERAL  567 

Flywheel  insurance Ques.   Z  10,  p.  509' 

Frequency  chaiige  over  from  133  or  125  cycles  to  60  cycles  Ques.  Y    3,  p.  488 

Y  13,  p.  49S 

Fuel.     See  '*  Coal."  '*  Wood,"  •'Oil/*  **  Peat." 

Furnace.     See  under  **  Boiler." 

Fuses,  enclosed,  underwriter  rules  on  lengths  of Ques.   Z  24,  p.  518 

on  induction  motors Ques.  T  11,  p.  359 

on  transformers Ques.   R    7,  p.  296 

on  wires  entering  houses Ques.   Z  23,  p.  517 
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Gas,  competition  with,  for  power Ques.  W  21,  p.  464 

Gas  engine.     See  under  **  Engine." 

Gases,  waste,  apparatus  for  measuring  CO,  in Ques.   E  27,  p.    76 

Gaskets  for  headers  carrying  superheated  steam Ques.  G     i,  p.    85 

'*       for  valve  bonnets  using  superheated  steam. . . .  Ques.  G    2,  p.    86 

Gas  plants  compared  with  steam  plants  of  small  sizes. .  Ques.    Z     3,  p.  507 

Gears,  bevel,  substitute  for,  on  water-wheels. Ques.   B  10,  p.    16 

Generating  capacity,  ratio  of,  to  maximum  load Ques.   Z  18,  p.  513 

Generator,  alternating-current,  grounding Ques.  K  17,  p.  167 

in    parallel,   driven    by 

turbine  and  reciprocating  engine Ques.  K  15,  p.  165 

K  16,  p.  167 

Generator,  alternating-current,  water  rheostat  as  aid  in 

synchronizing Ques.  K  14.  p.  165 

Generator  brushes,  carbon,  annual  expense  of Ques.  K  13,  p.  164 

circuit-breakers  on Ques    K     5,  p.  152 

commutator,  life  of Ques.   K  13,  p.  164 

direct-connected  to  water-wheel  through  mor- 
tise bevel  gear Ques.  K     i,  p.  146 

Generator,  excitation   for  large  direct-current,  self  or 

separate Ques.  K    6.  p.  153 

Generator  exciter,  capacity , Ques.  K    9,  p.  157 

**               "        for  alternating-current,  driven  by  in- 
duction motor Ques.  K    7,  p.  154 

Generator  exciter,  steam  and   electric,  for  continuous 

running Ques.  K    8,  p.  155 

Generator,  induction  type  versus  revolving  field  type.. .  Ques.  K     4,  p.  151 
'*           polyphase,  balancing  load  on,  in  small  sta- 
tions   Ques.  K     3,  p.  147 

Generator,  polyphase,  for  small  stations Ques.  K     3,  p.  147 

Governor,  Lombard,  on  water-wheels Ques.   B     7,  p.    15 

**  regulation   of,    on    water-wheels  under    low 

heads Ques.   B    8,  p.    15 

Grates.     See  under  **  Boiler." 

Grounding  neutral  of  3-wire  system Ques.    P     7,  p.  224 

'*  '*       of  4-wire,  3-phase  system  outside  of 

station Ques.   P     8,  p.  227 
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Grounding   neutral  of  3-pha8e  generator,  changes  in 

lightning  arrester  due  to Ques.   P  42,  p.  276 

Ground  plates,  design,  location  and  connection  of Ques.  M  20,  p.  209 
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Head  of  water,  instrument  for  recording 

Heads  for  turbines  and  for  impulse  wheels 

**      low,  efficiency  of  water-power  plants  at 

Header  and  auxiliary  piping,  location  for 

Heat  contained  in  steam  at  one  pound  pressure . 

Heater,  Cochrane,  and  purifier,  efficiency  of 

feed-water,  for  large  plants 

feed-water,  location  of 

feed-water,  open  type 

for  two  or  more  engines,  piped  to  one  condenser. 

purifier  and  feed  pump,  efficiency  of 

**        water,  arrangement  of 

Healing,  district,  beyond  available  exhaust  steam 

business  by  itself 

centrifugal  pump  on  mains,  special 

case 

charge  for 

conditions  to  justify 

circulation  better  with  exhaust  than 

with  live  steam 

economical  limit  of 

economy  of,  by  exhaust  steam 

from  a  central  station 

how  much  will  customers  pay  for?. . . 
live  steam  or  exhaust  from  itation. . . 
live  steam  added  to  exhaust,  nneasure- 

ment  of 

mains,  covering  of 

mains,  insulation  of,  against  frost. . . 

mains,  traps  on 

mains,  variators  versus  expansion  or 
slip  joints  on. . .    . 


<k 


<i 


it 


ti 


ti 


( t 


ti 


It 


it 


ti 


it 


it 

1 1 
it 
it 
it 
I  i 


t  f 


it 


it 


it 


t< 


it 


ft 


1 1 


It 


tf 


it 


it 


i  t 


••.••••• 


It 


» f 


Paul  system,  vacuum  on 

pressure  of  steam  required  for  1000 
feet  of  line 

rates,  '*  Readiness  to  serve  charge  "  in 

regulators  at  houses 

self-supporting  ? 

will  it  pay  ?    Si>ecial  case 

electric,  by  central  stations 

how  develop  business 

is  it  desirable  lead  ? 
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Ques. 

B 

6,  p. 

14 

Ques. 

B 

5.  p. 

M 

Ques. 

B 

4»  p. 

»3 

Ques. 

G 

23.  p. 

lOI 

Ques. 

J 

i»  P- 

130 

Ques. 

C 

18.  p. 

37 

Ques. 

C 

8,  p. 

29 

Ques. 

c 

6,  p. 

26 

Ques. 

c 

7,  P- 

28 

Ques. 

G 

12,  p. 

94 

Ques 

C 

19,  p. 

37 

Ques. 

C 

9.  p. 

30 

Ques. 

3.  P- 

133 

Ques. 

12,  p. 

140 

Ques. 

4,  p. 

34 

Ques. 

12,  p. 

140 

Ques. 

2,  p. 

132 

Ques. 

14,  p. 

143 

Ques. 

10,  p. 

138 

Ques. 

II,  p. 

139 

Ques. 

6,  p. 

135 

Ques. 

18.  p. 

145 

Ques. 

13,  p. 

142 

Ques. 

17.  p. 

144 

Ques. 

16,  p. 

144 

Ques. 

7,  p. 

136 

Ques. 

19.  P- 

145 

Ques. 

7,  p. 

136 

20.  p. 

146 

Ques. 

5,  p. 

134 

Ques. 

10.  p. 

138 

Ques. 

15.  p. 

143 

Ques. 

12,  p. 

140 

Ques. 

12,  p. 

140 

Ques. 

8,  p. 

136 

Ques. 

T 

I.  p. 

350 

Ques. 

w 

15,  p. 

458 

Ques. 

T 

2,  p. 

351 
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Heating,  electric,  metering  of  and  rates  for Ques.  W  t6,  p.  439 

hot  water,  utilization  of  gas  engine  exhaust  for  Ques.   Z    2,  p.  506 

steam,  meter  for Ques.    J    9,  p.  137 

Heat  value  of  coal,  specifications  for... , Ques.  D     7,  p.    4$ 

Holly  steam  loop , Ques.   G  13,  p.    94 

Hydro-carbons  in  Western  lignite,  combustion  of Ques.  D  17,  p.    54 

I 

Ice,  anchor,  remedy  for Ques.   B     i,  p.    10 

•*    slush,  prevention  of,  on  water  wheels Ques.   B    2,  p.    12 

Illumination,  intensity  of,  for  various  places Ques.   Z  17,  p.  512 

Impulse  wheel,  heads  for Ques.   B    5,  p.    14 

Incandescent.     See  under  **  Lamp." 

Injector,  feed-water,  eflficiency  of Ques.   C  17,  p.    36 

Inspection  of  house  wiring Ques.  Y    4,  p.  499 

Y  18,  p.  503 

**                 '*          **       cost  to  consumer Ques.  Y    4,  p.  499 

Instruments  for  recording  heads  of  water Ques.   B   A  P*    '4 

Instruments  for  switchboards.     See  under  "  Meters." 

Insurance,  flywheel Ques,   Z  10.  p.  509 

J 

Joints,  flange,  how  keep  tight  on  superheated  steam. . .  Ques.  G    3,  p.    87 

K 

Kerosene,  use  of  for  boiler  water Ques.  C    3,  p.    23 

L 

Labor,  boiler-room,  cost  of Ques.   E  26,  p.    76 

Lamp,  acetylene  and  gasolene  versus  arc  lamps Ques.    S  15,  p.  330 

arc,  alternating-current  enclosed,  hardening  of 

carbon  points  in Ques.    S    3,  p.  321 

arc,  alternating-current,  rating  of Ques.   S     i,  p.  319 

arc,  alternating-current  series  circuits,  troubles 

with Ques.   S     7,  p.  325 

arc,  alternating  series  enclosed,  carbon   points 

sticking  in Ques.    S  32,  p.  348 

arc,  candle-power  of  1200  and  2000 Ques.  W  27,  p.  469 

arc,  carbons,  five-sixteenth-inch  in  enclosed  ....  Ques.   S    4,  p.  322 

arc,  connection  of,  on  three-phase  circuit Ques.   S  11,  p.  327 

arc.  cost  of  free  trimming Ques.   S  13,  p.  329 

arc,  cost  of  trimming,  special  case Ques.    S  12,  p.  328 

arc,  direct-current  enclosed  versus  alternaiing- 

current  for  store  lighting Ques.    S  14,  p.  330 

arc,  enclosed,  rating  of Ques.    S     2,  p.  320 

globes,  new  heat-resisting  inner Ques.   S    5,  p.  326 

low-current,  steadiness,  efficiency,  etc.,  of..  Ques.   S    6,  p.  324 
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Lamps.arc,  open-circuit  on  series^ Qu«s.   S  lo,  p.  327 

ottteges Qu€9.   S    8,  p  326 

service,  method  of  handling. .......... Ques.   Y  12,  p.  496 

switches  for,  automatic  cut-out Qaes.   S    9,  p.  326 

tinae  switch  versus  patrolman i Que«.    S  28,  p.  344 

v/rsus  gasolene  and  acetylene  for  interior 

l»Rbting Qucs.   S  15.  p.  330 

gasolene  and  acetylene  versus  arc Ques.   S  15,  p.  330 

incandescent,  candle-power  of,  for  street  lighting  Ques.   S  30.  p.  345 
characteristics     of,     for     25-cycle 

circuits Qucs. 

for  250  volts Ques. 

free  renewals  of *..... Ques. 
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identification  marks  on Ques. 

renewed  as  good  as  new Ques. 

target  diagram  of Ques. 

Mercufy- vapor,  eflfect  on  eyes Ques. 

Mercury-vapor,  installations  compared  with  arc 

and  incandescent Ques. 

Mercury- vapor,  in  window  lighting Ques.    S  26,  p.  340 

Mercury-vapor,  recent  installations  of Ques.    S  27,  p.  341 

Meridian,  charge  for  fittings  of Ques.  Y  10,  p.  494 

Meridian,  life  of  and  cost  of  free  renewals Ques.   S  19,  p.  334 

Meridian  versus  single-glower  Nernst Ques.    S  23.  p.  337 

Nernst,  basis  for  furnishing  renewals Ques.   S  21,  p.  336 

eflfect  of  voltage  variation  on Ques.    S  24,  p.  338 

for  street  lighting Ques.   S  31,  p.  346 

maintenance  of  candle-power Ques.    S  22,  p   337 

multiple-glower  z/^rj MX  arc  lamp Ques.    S  23,  p   337 

satisfaction  given  by, Ques. 

single-glower  versus  Meridian  lamp Ques. 

Lighting.  See  under  '*  Lamps"  and  under  *' Contracts." 
Lij^hming  arresters.     See  **  Arresters." 

protection  of  high-tension  line  against Ques. 

LiRnite,  western,  method  of  firing Ques. 

Line,  breakdown  tests  on Ques. 

insulation,  resistance  of Ques. 

losses  in  transmission,  special  case Ques.  Q  26,  p.  291 

overhead,    arrangement    of  lighting,    telephone, 

etc.,  on  same  pole Ques.   P  27,  p.  251 

arrangement  of,  when  two  companies 

use  same  poles Ques.    P  24,  p.  248 

cost  of  repairs  on Ques.    P  35,  p.  268 

cross-arms  for,  life  of Ques.    P  36,  p.  268 

crossings,  protection  at Ques.   P  26,  p.  250 

cut-out  and  switch  at  taps  on Ques.   P  41,  p.  275 

cutting,  for  house  movers Ques.  Y     8,  p.  492 

disconnecting  from  underground  cables 

for  testing Ques.   P  28,  p.  255 
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Line,  overhead,  dividing  into  seetions 

*•  height  abov«  roof  for  500-volt  »crvice.. 

'*  inspection  of.  and  records  of  inspection. 

'*  in  small  town  with  trees 

*'  insulator  troubles  on 

'*  insulator  for  trees 

number  of  three-phase  circuits  on  one 

pole 

pothead   for  connecting    underground 

cables  with 

records  of  location,  size,  etc 

records  of  resistance  losses .   

spacing  and  sag  of 

symbols  for  poles  and 

through  trees 

lie  wires,  iron 

telegraph,   effect  on   by  direct-current 

circuits 

telephone,  on  same  poles  with  lighting 

circuit 

telephone,  on  same  poles  with  500-volt 

circuit 

telephone,  on  same  poles  with   trans- 
mission line 

telephone,  on  same  poles  wjth,  trans- 
position of 

tests  on,  for  insulation,  periodic 

wires,  distance  between  for  2200  volts. 

wires  insulated,  on  transmission 

wires,  smallest  size  of,  for. 

underground,  capacity  per  looo-cm  of 

'*               change  to,  by  central-station  com- 
pany  

conduit  for.     See  **  Conduit." 

**  duct  for,  and  insulation  of 

'*               guarantee  on   insulation    conduc- 
tivity and  lead 

insulation,  paper  versus  rubber. . . . 
maintenance     cost     compared     to 

overhead 

maintenance  cost  of 

neutral  cable  bare 

protection  against  ground  currents. 

static  discharge  gaps  on 

series  arc,  paper-insulated  lead-cov- 
ered  

tests  on,  for  insulation,  periodic. . . 

towns  of  10,000  or  under  using 

under  water,  paper-insulated  lead-covered  ...    . 


Ques. 
Ques. 
Ques. 
Ques. 
Ques. 
Ques. 


P  14 
P  25 
P  34 
P  40, 

P  20 
P    19 


Ques.   P  37 


Ques. 
Ques. 
Ques. 
Ques. 
Ques. 
Ques. 
Ques. 


P 
P 
P 
P 
P 
P 
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29 
32 
33 

15 
32 

19 
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Ques.  P  22 

Ques.  P  21 

Ques.  P  21 

Ques.  P  23 

Ques.  P  21 
Ques.  Q  4 
Ques.  P  16 
Ques.  P  38 
Ques.  P  12 
Ques.  Q    8 

Ques.  Q    2 

Ques.  Q  xr 

Ques.  Q  5 
Ques.  Q    3 

Ques.  Q  7 
Ques.  Q  24 
Ques.  Q  23 
Ques.  Q  10 
Ques.  Q  20 

Ques.  Q  6 

Ques.  Q  4 

Ques.  Q  I 

Ques.  Q  9 


p.  234 
p.  250 
p.  264 

p.  «73 
P  244 
p.  243 

p  269 


P- 
P- 
P- 
P- 
P- 
P- 
P 


257 
263 
264 
236 
263 
242 
238 


p.  246 
p.  244 

p.  244 
p.  246 

p.  244 
p.  279 

p.  37 
p.  271 

p.  30 
p.  281 

p.  278 

p.  283 

p.  280 
p.  279 

p.  281 
p.  290 
p.  289 
p.  282 

p.  288 

p.  281 
p.  279 

p.  278 
p.  282 
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Line,  records  of  cooaected  load,  etc.,  on  system  of Ques.  P  31,  p.  258 

Lo«d,  connected,  record  of Qoes.  X  11,  p.  481 

Lombard  governors  on  water-wbeels  for  railway  load. .  Qnes.  B    7,  p.    15 

Lost  and  unaccounted-for  carrents Qoes.  X    9,  p.  480 

X  10,  p.  481 

Lubricant  for  collector  rings Ques.  K    2,  p.  146 

Lubricant  for  wood  bearings Ques.  B    9,  p.    16 

Lubricant    for    wood    cog    gears   meshing   with   steel 

pinions Qoes.  O    8,  p.  219 

Lubrication  of  cylinders,  effect  of  superheated  steam  on.  Ques.  O    3,  p.  216 


M 

Magnesia  coating  in  boiler  feed  pipes Ques.   C    4,  p.    24 

Mains.     See  under  '*  Pipe  "  and  **  Heating,  district." 

Manhole  explosions,  prevention  of Ques.  Q  16,  p.  286 

gas  leakage  into  subway,  prevention  of Ques.  Q  15,  p.  285 

roof  for,  containing  transformer Ques.  Q  27,  p.  292 

ventilation  of Ques.  Q  17,  p.  287 

Metallic  packing  on  plungers  of  feed  pumps Ques.   C  13,  p.    33 

Meter  department,  expense  of Ques.  U  27,  p.  418 

**                *•            method  for  conducting Ques.  U  34,  p.  428 

**      for  hot  water,  accuracy  of Ques.   C  20,  p.    38 

"       life  of Ques.    C  10,  p.    31 

**      for  steam  heating Ques.   J     9,  p.  137 

**      inspection  by  expert,  annually,  in  small  town. . .  Ques.  U  33,  p.  426 

**      prepayment,  effect  of,  on  sales Ques.  U    2.  p.  369 

**      prepayment,  experience  with Ques.  U     i,  p.  368 

*'      protection  against  lightning Ques.  U  36,  p.  430 

**      recording  for  storage  batteries Ques.    L    9,  p.  177 

'*      switchboard,   checking   when    used    with    trans- 
formers    Ques .  M  14,  p.  199 

for  3-phase  panel Ques.  M  18,  p.  206 

readings  on,  hourly Ques.  M  12,  p.  195 

separate  transformer  for  relays  and 

for Ques.  M  19,  p.  208 

standard    for   alternating -current 

ampere Ques.  M  15,  p.  202 

standard    for   alternating -current 

volt Ques.  M  16,  p.  204 

testing  of,  how  often Ques.  M  13,  p.  197 

transformer  for,  checking  the  ratio 

of Ques.  M  24,  p.  21 1 

watt  dynamometer,  determining  constant  of. .    ..  Ques.  M  17,  p.  205 

watt-hour,  bearings  for Ques.  U  17,  p.  407 

best  type  to  get Ques.  U  16,  p.  405 

caring  for,  method  of Ques.  U  11,  p.  393 

cost  of  maintenance  of Ques.  U  26,  p.  418 

cover,  peep-hole  in Ques.  U  29,  p.  421 
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Meter,  watt-hour,  damage  caused  by  exposure  to  weather 

effect  of  frequency  on 

effect  of  jarring  on 

for  alternating-current  work 

for  unbalanced  three-phase  load 

high-torque  induction 

jewels,  repolished 

location  of,  in  residences 

loops  left  by  wiring  contractor 

magnets,  determination  of  flux  in. .. . 

on  inductive  load,  commutator  type.. 

on  three-phase  load 

on  three-phase  load,  two  single-phase. 

prepayment,  installed  for  what  cus- 
tomers   

reading  of,  when  customer  is  absent.. 

rebate  to  customer  for  creeping  of . . . . 

records  

registraiion,accuracy  of, through  range 
of  load 

convincing  customer  of  correct 

reversal  of  error  in  Thomson  poly- 
phase  

tampering  with 

test,  charging  customer  for 

testing  of,  how  often  

testing  of,  method  for. 

versus  ampere-hour  for  direct-current 

service  

Mines  and  smelters,  substations  for 

Mortise  wheel,  bevel,  power  lost  in 

Motor-generators,  starting  of 


Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques 

Ques. 

Ques. 


U  32, 

U     8, 

U  9. 
U  19, 
U  35. 
U  31. 
U  30, 
U  32, 
U  28, 

U  21, 

U  15. 
U  24, 
U  23. 


412 

385 

3S6 

408 
429 

423 
p.  423 
p.  424 

419 

410 

403 

416 

414 


Ques.  U  3.  p.  370 
Ques.  U  25,  p.  417 
Ques.  U  7.  p.  382 
Ques.  U  14,  p.  401 

Ques.  U  6.  p.  381 
Ques.  U    4,  p.  370 


generators.     See  also  under  *'  Substation." 

induction,  service  leads  and  fuses  for 

induction  versus  synchronous 

operating  water- works  pumping  station. . . . 
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or  steam  driven  auxiliaries  ia  turbine  plant. . . . 

polyphase,  balanced  load 

service,  cheaper  than  steam  for  customer 

single-phase,   maintenance   of,   compared  with 

direct-current  motors 

single-phase  or  three-phase,  special  case 

small,  throwing  oil 

synchronous,  starting  of,  without  compensator, 
synchronous  versus  induction 


W  20 

Ques.  U  20 

Ques  U  5 

Ques.  U  12 

Ques.  U  10 

Ques.  U  13 

Ques.  U  18 
Ques.  A  I 
Ques.  B  ir 
Ques.  Z  9 
Z  20 

Ques.  T  II 
Ques.  T  20 
Ques.  T  14 

T  15 
Ques.  C  16 
Ques.  T  9 
Ques.  W  28 

Ques.  T  10 
Ques.  Z  25 
Ques.  T  12 
Ques.  T  21 
Ques.  T  20, 


p.  462 

p.  410 

p.  377 
p.  396 
p.  390 
p.  397 

p.  408 

p.  3 
p.  17 
p.  509 

p.  515 
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362 

363 

35 

357 


p.  469 

p.  357 
p.  518 
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p.  367 
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Moving  hoases,  cutting  overhead  lines  for Q^^^  Y    8«  p.  492 

Nfunicipal  plant,  successful Ques.   Z  -  8,  p.  509 

isr 

Nernst.     See  under  "  Lamps." 

o 

Oil,  cost  of,  for  fuel  compared  with  coal Ques.  D  11,  p.    49 

cylinder,  amount  of  fat  in Ques.  O    4,  p.  216 

cylinder,  for  use  with  superheated  steam Ques.  O     i,  p.  216 

fire  test,  requirement  for Ques.  O    2,  p.  216 

over  compounding  of Ques.  O    9,  p.  219 

for  fuel Ques.  D  11,  p.    49 

from  turbine  step  bearing,  cooling  of Ques.  O    7,  p.  218 

in  automatic  oiling  system Ques.  O    6,  p.  218 

in  transformers,  deterioration  of Ques.  R  18,  p.  309 

in  transformers,  draining  out  in  case  of  fire Ques.  R  19,  p.  309 

removal  of  from  exhaust  steam Ques.  G  16,  p.    97 

removal  of,  from  waste Ques.  O     5,  p.  217 

uncertainty  of  delivery Ques.  D  11.  p.    49 

Operators  for  stations,  desirable  characteristics  of Ques.  Y  14.  p.  498 

Overhead  lines.     See  under  *'  Lines." 

p 

Packing,  metallic,  for  feed  pump  plunger Ques.  C  13,  p.    33 

Packing,  metallic,  maker's  guarantee  on Ques.  C  13,  p.    33 

Paint  for  storage  battery  tanks Ques.   L  14,  p.  181 

Peat  for  fuel,  use  of,  in  the  United  States.. .    Ques.  D  10,  p.    49 

Penalty  for  non-payment  of  bills Ques.  Y    6,  p.  491 

Penstock,  means  for  preventing  bursting  of Ques.  B  17,  p.    20 

Phase  reversal,  liability  of,  in  three-phase  system Ques.   P  44,  p.  277 

Pins  for  cross-arms,  fitting Ques.   P  18,  p.  240 

Pipes,  diameter  of  steam,  formula  for Ques.  G  10,  p.    93 

dripping  of,  carrying  superheated  steam Ques.  G     8,  p.      8 

exhaust  to  condenser,  size  of Ques.  G  lo,  p.    93 

fittings,  iron  or  brass,  electrolysis  trouble  on Ques.  G    6,  p.    89 

flange  joints  on,  saturated  or  superheated  steam  .  Ques.  G    3,  p.    87 

gaskets  for,  with  superheated  steam Ques.  G     i,  p.    85 

spiral  riveted  galvanized,  for  exhaust Ques.  G     5,  p.    88 

steam,  drop  in  pressure  in Ques.  G  10,  p.    93 

steam,  water,  etc.,  painting  of,  in  different  colors.  Ques.  G  11,  p.    94 

Piping,  auxiliary,  location  for  header  and Ques.  G  23,  p.  loi 

Plants,  water-power.     See  under  *'  Water." 

Plugs,  boiler,  mixture  for  fusible Ques.  E  28,  p.    77 

Pole  line.     See  '*  Lines,  overhead." 

Poles,  creosoting  cypress  at  base Ques.   P     2,  p.  220 

Poles,  transposing,  construction  of Ques.   P    3,  p.  222 
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Poles,  treatment  of,  in  crude,  oil  or  tar., 

Polish,  for  hot  brass  and  steel r w 

Power,  electric  for  customers,  cheaper  than  steam 

Power,  for  agricultural  uses,  promoting  sale  of 

Power  house,  water,  part  of  danv. 

Power  load,  high  power  (sLCtor  v<rsus  high  efficiency  of. 

Pulley,  leather  covered,  wood  and  paper. ...   

Pump,  air,  disposition  of  exhaust  steam  from 

boiler  feed,  air  chamber  on . . .   . .    . . 

boiler  feed,  compressed  air 

boiler  feed,  efficiency  of  heater,  purifier  and 

boiler  feed,  packing  on  plunger  of 

boiler  feed,  scheme  for,  in  non-condensing  plant. 

boiler  feed,  steam  driven  for  starting  reserve 

boiler  feed,  valve  seat  in,  life  of  rubber. 

condenser,  for. turbine  units,  drive  for ^. , . 

condenser,  reliable  type 

Pumping  plant,  city,  operated  by  motors 

a 

Pumping  plant,  motor-driven,  cost  of  and  rates  per 
kw-hour.. ....   ..  ,^ 

Pump,  motor-driven,  ior  electric  hydraulic  elevator. . . . 

Pump,  motor-driven,  gear  plunger,  duplex  or  turbine. 

Pump,  receiver,  advantages  of  Holly  loop  over  steam 
driven 

Purifier  and  heater,  efficiency  of  Cochrane.-  .^ . , 

Purifier,  healer  and  feed  pump,  efficiency  of 
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Ques. 

Qu^s. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 

Ques. 


P  I. 
Z  i6. 

W28, 

T  19, 

B  13, 
T     8, 

N     5. 

G  14. 

C  II 

C  14. 

C  19. 

C  13. 

C  15. 

C  15, 

C    12, 

G  18, 
G  17. 
T  14. 
T  IS, 
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365 
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p.  356 
p  215 
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p. 

P- 

p. 

P- 

P 

P- 

P- 

p. 


32 

34 

37 

33 

34 

34 

33 
98 

98 

362 

363 


Ques.  T  15,  p.  363 
Ques.  T  18,  p.  365 
Ques.  T  15,  p.  363 

Ques.  G  13.  p.  94 
Ques.  C  18.  p.  37 
Ques.  C.  19,  p    37 
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R 

Rate.  "Doherty" Ques.  W  11 

flat,  change  to  meter  from ^ . ,  .  Ques.  W     2 

flat,  remedy  for  evils  of Ques.  W    i 

for  arc  lamps Ques.  Y  12 

for  charging  storage  batteries Ques.  W  18 

for  electricity,  in  small  towns Ques.  W    9 

for  electricity,  to  equal  gas  rates Ques.  W    8 

for  electric  heating Ques.  W  16 

W17 

for  electric  signs ." . .  Qucrf.  W  19 

for  motors Ques.  W  12 

for  power  in  small  towns Ques.  Y     i 

for  small  consumers Ques.  W  13 

open  or  special  to  individuals Ques.  W  10 

power,  to  compete  with  gas  at  27  cents. Ques.  W     7 

with  discounts,  if  paid  on  time Ques.  W    6 

with  discounts.     Is  it  discrimination  ? Ques.  W     5 

"      with  sliding  scale.    How  justify? Ques.  W     5 

Ratio  of  generating  capacity  to  maximum  load  Ques.    Z  18 


1 1 

1 4 

» t 

K 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


454 
442 

439 
496 

460 

451 

451 

459 
460 

461 

454 

485 
456 

452 
450 
448 

447 
447 
513 


576  INDEX  III— GENERAL 

Rebate  to  kicking  customers Ques.  Y  i6,  p.  499 

Record  of  connected  load Ques. 

of  operating  costs Ques. 

of  operating  troubles  and  analyses Ques. 

of  transformers  and  meters Ques. 

Rectifier  for  alternating-current  circuits,  efifect  of,  on 

alternating-current  motor  business Ques.   T     7,  p.  355 

Rectifier  for  charging  automobile  batteries  from  alter- 
nating-current circuits • Ques. 
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II,  p.  481 

X 

6,  p.  478 

X 
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X 
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4.  p.  352 

T 
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Refrigerators,  cost  of  motor-driven,  versus  cost  of  ice. .  Ques. 

*•  motor-driven Ques. 

Regulation  of  alternating-current  feeders Ques.  M  10.  p.  192 

of  direct-current  feeders Ques.  M    9,  p.  191 

methods    of,   for  three-wire    direct-current 

system Ques.  Q  35,  p.  290 

on  power  and  lighting  load Ques.   Z     i,  p.  506 

Regulator,  pressure,  as  auxiliary  for  small  central  sta- 
tion     Ques.  M  II,  p.  194 

Relay,  alternating-current  overload,  on  same  or  sepa- 
rate transformer  with  meters Ques.  M  19,  p.  308 

Relay,  reverse  current  for  alternating-current  feeders. .  Ques.  M  aa,  p.  aio 

Right  of  way,  interference  with Ques.   Y    9,  p.  494 

Ringing  circuit  for  telephone  on  lighting  circuit Ques.   Z  15,  p.  511 

Roof  construction  on  brick  engine-room Ques.  A    3,  p.      5 

Roofing  for  flat  station  roof Ques.  A    4,  p.      6 

Roof,  pitting  and  rusting  of  tin Ques.  A    6,  p.      7 

Rope  drive  from  vertical  to  horizontal  shafts Ques.   B  14.  p.    19 

Rotary  converters.     See  "Converters.** 

Rules  and  regulations  for  employees Ques.   Y  15,  p.  499 

**  *'  in    connection    with    hazardous 

work Ques.  Y  15,  p.  499 


S 

Scale  in  feed-water  pipes  and  boilers Ques.  C    3,  p 

C    4.  p 

C    5.  P 
Shafting  for  direct-connecting  dynamo  and  water-wheel 

shaft Ques.  N    4,  p 

SiR:ns.  time  switch  or  patrolman  for Ques.    S  28,  p 

Slush  ice,  prevention  of,  on  water-wheels    Ques.   B    2,  p 

Smelters,  substations  for  mines  and Ques.  A     i,  p 

Smoke  consumer.     See  under  **  Boiler." 

Smokeless  chimney,  value  of,  and  effect  on  community.  Ques.  E  29.  p 

Smokeless  furnace  for  bituminous  coal Ques.  E  25,  p 

Soapstone  barriers  for  high-tension  'bus-bars Ques.  M    4,  p 

Soliciting,  cost  of  advertising  and Ques.  Y    7,  p 

Solicitor,  methods  to  save  clerical  work  for Ques.  W  30,  p 
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Solicitor,  system  to  check  work  of Ques.  W  30,  p.  473 

Solicitor,  work  expected  of . .    Ques.  W  29,  p.  472 

Specifications  for  coal Ques.  D    7,  p.      7 

Stack,  concrete,  without  fire-brick  tining Ques.   F    6,  p.    83 

Stack,  self'Supporting  steel,  height  of  lining  for Ques.   F    7,  p.    83 

Static  charge  on  arc  and  primary  lines Ques.  P    6,  p.  234 

Static   discharge    gaps  on    high-tension    underground 

feeders Ques.  Q  20.  p.  288 

Static  dissipators  at  junction  of  overhead  and  under- 
ground lines Ques.   P  39,  p  272 

Statistics  and  accounting Ques.  X     i,  p.  475 

Station,  central,  auxiliaries  in  turbine Ques.  C  16,  p.    35 

**            **        boiler-rooms,  covering  for Ques.  A     5,  p.      6 

floor  construction  for  different  types  of.  Ques.  A    2,  p.      4 
roof  construction  for  brick  engine-room 

of Ques.  A    3,  p.      5 

roofing  for  flat  roof  of Ques.  A    4,  p.      6 

roof,  pitting  and  rusting  of  tin Ques.  A    6,  p.      7 

**  *•        water-power.     See  under  **  Water." 

Steam  auxiliaries,  or  motor-driven,  in  turbine  plant....  Ques.  C  16,  p.    35 

"      auxiliary  for  water-power  plant Ques.  B  12,  p.    17 

•*      driven  feed-pump  for  starting  reserve Ques.  C  15,  p.    34 

'*      exhaust.     See  *  Exhaust." 

**      heating.     See  under  **  Heating  district." 

'*      heat  value  of,  at  one  pound  pressure Ques.   J     1,  p.  130 

loop.  Holly Ques.  G  13,  p.    94 

mains.     See  under  **  Pipe." 

superheated   and   saturated,    leakage   at    valves 

and  piston  with Ques.  H  18,  p.  115 

superheated,  dripping  of  mains  carrying Ques.  G    8,  p.    91 

effect  ot   on  lubrication  of  cylinder.  Ques.  O     3,  p.  216 

gasket  for  header  carrying Ques.  G     i,  p.    85 

gasket  under  valve  bonnet  carrying.  Ques.  G    2.  p.    86 

globe  valves  on  mains  carrying. ...  Ques.  G    4,  p.    88 

piston  packing  rings  for Q"W.  H  23.  p.  119 

"                **            tight  joints  with  saturated  and Ques.  G    3,  p.    87 

See  also  under  **  Turbines." 

"      traps  on  mains  of  district  heating  system Ques.   J    iq,  p.  145 

•*      velocity  of,  in  small  lines Ques.  G    9,  p.    92 

Stokers.     See  under  **  Boiler." 

Storage  battery.     See  '*  Battery." 

Street  lighting.     See  under  **  Contract." 

Substation  converters,  action  of  various  types  of,  under 

heavy  short-circuit Ques.  K  19,  p.  17a 

Substation  for  mines  and  smelters Ques.  A     i,  p.      3 

Substation,  handpower  cranes  for Ques.  A    7,  p.      7 

Substation,  motor-generator  sets,  induction  versus  syn- 
chronous motors  for Ques.  K  18,  p.  16& 

v.  2—37 
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Substation,  rotary  converters  in,  testing  o{ 

Substation,  rotary  converters  versus  motor-generators. . 
Switchboard  meters  and  instruments.     See  ''  Meter." 
Switchboard  of  large  station,  showing  diagram  of  con- 
nections   - 

Switchboard,  reliability  of  meter  and  station  wiring  of. 

Switchboard,  skeleton  of  wood  for  2,000  volts 

Switchboard  without  fuses  and  circuit- breakers 

Switches,  automatic  cut-out  in  arc  lamps 

oil,  bow  to  know  when  to  change  oil  in 

oil,  remote  control,  trouble  likely  with 

oil.  remote  control,  cause  of  failure  10  open 
properly 

open-air  horn  type,  experience  with 

open-air  horn  type,  strain  on  apparatus  due  to. 

time,  for  signs  and  arc  'amps . . 
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Systems  for  small  town,  special  cases 


Ques.  K  rg.  p.  170 
Ques.  K  It.  p.  161 


Ques.  M  5,  p.  186 

Ques.  M  I,  p.  184 

Ques.  M  8,  p.  190 

Ques.  .M  6.  p.  186 

Ques.  S  9,  p.  326 

Ques.  M  23.  p.  2IO 

Ques.  M  2,  p.  185 

Ques.  M  2,  p.  185 
Ques.  M  3.  p.  185 
Ques.  M  3,  p.  185 
Ques.  S  28,  p.  344 
W  19,  p.  461 
Z  12,  p  510 
Ques.  Z    4.  p.  507 
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Test,  breakdown,  effect  of  on  insulation 

Testing  above  working  pressure 

**       rotary  converters  at  substations 

Thawing  frozen  pipes  by  electricity 

Tin  roof,  pitting  and  rusting  of 

Tower,  cooling,  data  on 

"  **        in  small  plant 

Transformer  banking,  advisability  of 

capacity  allowed  for  motor  servi:e 

oil,  deterioration  of .  r 

constant-current,  drawing  oil  from,  in  case 
of  fire 

constant-current,  in  separate  rooms 

constant-current,  pumping  of 

connection,  two  in  series  on  2,200  volts... 

core    type  versus  shell,  for  lighting   and 
for  power.    

distribution  of  load  in,  special  cases . 

efficiency,  cost  of 

efficiency,  effect  of  frequency  on 

efficiency,  with  coils  in  series 

for  switchboard  meters  and  relays,  sepa- 
rate   

for  switchboard  meters,  checking  ratio  of. 

for  10.000  to  2.300  volts,  on  pole 

fusing  ot.' 

ground  as  source  of  danger  by  lightning.. 
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Z 

14. 

p. 

5" 

Ques 

Z 

14, 

P- 

5" 

Ques. 

K 

19. 

P- 

170 

Ques. 

Y 

2, 

P- 

486 

Ques. 

A 

6, 

P- 

7 

Ques. 

G 

19. 

p. 

99 

Ques. 

G 

20, 

P- 

.99 

Ques. 

R 

9» 

P- 

299 

Ques. 

R 

10. 

P- 

300 

Ques. 

R 

18, 

P 

309 

Ques. 

R 

19. 

P- 

309 

Ques. 

R 

r9. 

p. 

309 

Ques. 

R 

26. 

p. 

316 

Ques. 

R 

16, 

P- 

306 

Ques. 

R 

2, 

P- 

293 

Ques. 

R 

II, 

P- 

302 

Ques. 

R 

'4. 

P 

305 

Ques. 

R 

15, 

p. 

306 

Ques. 

R 

22, 

P- 

313 

Ques. 

M 

19. 

P- 

208 

Ques. 

M 

24. 

p. 

211 

Ques. 

R 

25. 

P- 

315 

Ques. 

R 

7, 

P- 

296 

Ques. 

R 

21, 

p. 

312 
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Transformer,  ground  for Qucs.  R  20,  p 

ground  on  two-wire  secondary  of Ques.  R  22,  p 

grounding  of  the  Y-point  in Ques.  R  23,  p 

inspection  of,  for  insulation,  etc Oues.  R    4.  p 

insulation,  effect  of  oil  on Ques.  R  18,  p 

insulation,  recent  increase  in Ques.  R  13.  p 

light  and  power  load  on  same Ques.  R  10,  p 

lighting,  life  of '.  Ques.  R     i,  p 

meter-current,  constancy  of  calibration. . .  Ques.  R    3,  p 
meter-current,  puncture  due  to  open  sec- 
ondary of Ques.  R    6.  p 

meter-pressure,  fuses  in  primary  of Ques.  M    7,  p 

oil  Versus  air-blast  in  transmission  line. . .  Ques.  R  24,  p 
overloading  of,  amount  that  is  safe  and 

economical Ques.  R  12,  p 

overloading  of,  to    get  good    all-day  effi- 
ciency   Ques-  R  ".  p 

protection  of,  against  lightning Ques.  R  20,  p 

records  of  test  on Ques.  R    5,  p 

sratic  charge  on  secondary  of Ques.  R  17,  p 

size  of.  and  secondary  mains Ques.  R    8,  p 

size  of  on  interconnected  secondary  sys- 
tem   Ques.  R    7»  P 

"  substituting  large,  for  smaller  ones Ques.  R    8,  p 

testing  of Ques.  R     s.  P 

**  three-phase  versus  three  single-phase Ques.  R  28,  p 

**            '*  Two-Transformer  Resultant  Delta,"  con- 
nection of Ques.  R  27,  p 

Trouble  cases  in  operating,  analysis  and  record  of Ques.  X    7,  p 

Trouble  wagon Q'^es.    Z  13.  p 

Tubes.     See  under  "  Boiler." 

Turbine  plant  auxiliaries Ques.  C  16,  p 

steam,  buckets,  wear  on,  and  effect  of Ques.    I  14,  p 

buckets,  wear  on  steel,  with  wet  steam  Ques.    I  13,  p 

clearance  between  vanes,  effect  of Ques.    I  14.  p 

coal  consumption  per  kw-hour  in Ques.    I     9,  p 

condenser  for  exhaust Ques.  G  24,  p 

efficiency  of  Corliss  compound-condens- 
ing, and  of Ques.    I  10,  p 

for  400-kw  load,  26-inch  vacuum,  versus 

Corliss Ques.    I    6.  p 

for  small  stations Ques.     I     7,  p 

governor,  ineriia  type  versus  centrifu- 
gal   r Q^^^'    ^  ^2,  p 

minimum  size  unit  for Ques.    I     7,  P 

non-condensing  versus  reciprocating  en- 
gine  •  Ques.    I    4.  P 

operation  difficulties  with Ques.    I  15.  P 
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292 

294 
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188 

314 

304 
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310 

295 

308 

299 

296 
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295 
318 

317 
480 

511 

.35 
129 

129 

129 

127 
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Turbine,  steam,  overhead  capacity  compared  with  Cor- 
liss   Ques.   I    II.  p.  188 

pressure  and  superheat  for Ques.    I     2,  p.  125 

small  units,  economy  of,  versus  recipro- 
cating engines Ques.   I     8.  p.  127 

superheat.     How  high  is  it  possible  ?. .  Ques.    I     i,  p.  124 
use  of,  where  there  is  back  pressure  for 

heating Ques.    I     5.  p.  126 

vacuum     and     superheat,     effect     on 

economy  of Ques.    I     3,  p.  125 

water,  heads  for Ques.  B    5,  p.    14 

Underground  lines.     See  under  **  Lines." 

Underwriters'  ru'es  for  height  of  wires  above  roofs. . . .  Ques.   P  25,  p.  250 

Underwriters*  rules  for  lengths  of  enclosed  fuses Ques.  Z  24.  p.  518 

Underwriters'   rules   for  switch   and   fuses    on    wires 

entering  building Ques.   Z  23,  p.  517 

Valve-check,  location  of,  in  boiler  feed  connection Ques.  G    7,  p.    89 

Valve-seat,  rubber  in  boiler  feed  pumps Ques.  C  12,  p.    33 

Valve,  steam,  gaskets  for.  Ques.  G    2,  p.    86 

Valve,  steam,  globe,  on  mains  carrying  superheated...  Ques.  G    4,  p.    88 

Valve  stop,  location  of,  in  boiler  feed  connection Ques.  G    7,  p.    89 

Variators  on  steam  mains  for  district  heating Ques.   J     7,  p.  136 

J  20,  p.  146 

Vegetation  influenced  by  electricity Ques.  Z  11,  p.  510 

Velocity  of  steam  in  small  lines Ques    G    9,  p.    92 

Voluge,  safe,  for  linemen  on  wet  pole Ques.   P     5.  p.  223 

Wagon  for  trouble  work Ques.  Z  13.  p.  511 

Water  for  boilers.     See  **  Boiler  Water,"  "  Scale,"  and 
•*  Heater." 

Water  meter,  hot,  accuracy  of Ques.  C  20,  p     38 

meter,  hot,  life  of Ques.   C  10,  p.    31 

power  house  part  of  dam Ques,  B  13,  p.    18 

power  plant,  steam  auxiliary  for Ques.  B  12,  p.    1 7 

power  plant.     See  also  under  "  Heads." 

power  versus  steam,  special  case Ques.   Z     7,  p.  508 

rheostat  as  aid  in  synchronizing  incoming  alter- 
nator   Ques.  K  14,  p.  165 

wheels,  bevel  gears  on,  substitute  for Ques.  B  10,  p.    16 

bevel  mortise  wheel  of,  power  lost  in....  Ques.  B  11,  p.    17 

for  200-kw  generator,  belted  or  geared...  Ques.  B  15.  p.    19 

governor,  Lombard Ques.  B    7,  p.    15 

impulse  and  turbine,  heads  for Ques.  B    5,  p.    16 

lubricant  for  wood  bearings  of Ques.  B    9,  p.    16 

preventing  of  bursting,  penstock Ques.  B  17,  p,    20 

preventing  of  slush  ice  in Ques.  B    2,  p.    12 

regulation  of  governor  under  low  heads.  Ques.  B    8,  p.    15 

rope  drive  for,  friction  in Ques.  B  14,  p.    19 

size  of Ques.  B    3.  p.    13 
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Water-wheelSf  speed  variation  with  railway  load Ques.  B    7,  p.    15 

under  low    heads,   connection   for  high 

speed Ques.  B  16,  p.    20 

wood  bearings  for Ques.  B    9,  p.    16 

Wiring  of  houses,  done  by  lighting  company  Ques.  Y    5,  p.  489 

Wiring  of  houses,  inducements  for Ques.  Z  ai,  p.  516 

Z  23,  p.  516 

Wood  bearings,  lubricant  for Ques.  B    9,  p.    16 

Wood,  pine,  for  fuel,  rate  of  consumption Ques.  D    9,  p.    48 
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CONTRIBUTORS 

The  numbers  following  the  name  of  a  contributor  indicate  the  numbers 
of  the  questions  that  hav^  been  ansAvered  by  him. 

A 

American  District  Steam  Co.,  Lockport,  N.  Y. 

J  I,  3,  5,  6,  7,  8,  9,  10,  II,  12,  17,  i8,  19,  20. 
Armbrust,  G.  M.,  Chicago  Edison  Co.,  Chicago,  111. 

Q8. 

Arnold,  F.  J.,  Chicago  Edison  Co.,  Chicago,  111. 

P4. 

Augusta  Ry.  and  Elec.  Co.,  Augusta,  Ga. 

A  2,  3,  6.  B  3,  4,  6,  7,  8,  9,  10,  12,  13,  15,  16,  17.  C  9,  II.  20.  D  6. 
E  I,  16,  17,  18,  19,  20,  21,  23,  29.  F  I,  2,  3,  4,  5,  8.  G  s,  12,  16, 
23.  H  14,  21.  K  I,  3,  5,  6,  7,  9,  12,  13.  14,  18.  Mi,  6,  7,  8,  12, 
13,  14,  16,  20,  24.  O  5,  6,  8.  P  6,  9,  12,  14,  15,  17,  18,  19,  21, 
23,  24,  25,  34,  37,  38,  40,  41,  43.  S  2,  4,  6,  7,  ID,  II,  15,  20,  29, 
30,  32.  T  ID,  14,  16,  20.  U  4,  5,  7,  9»  10,  II,  12,  14,  16,  19, 
21,  22,  29,  30,  33,  34,  36.  V  4,  5.  6.  W  I,  2,  6,  9,  10,  12,  13,  15, 
16,  19.  Y  I,  3,  4.  5.  6,  15.  Z  I. 
Averill,  F.  N.,  Baker  Gas  and  Elec.  Co.,  Baker  City,  Ore. 

P  14,   17,  23,  26.    W  9.    Z  I,  6. 
Avery,  J.  S.,  Rockland  Lt.  and  Pr.  Co.,  Nyack,  N.  Y. 
C  6.    F  I. 

B 

Ballinger,   Philip  F.,   Consol.   Gas  Co.  of  N.  J.,  Long   Branch,   N.   J. 

H  I,  2,  3. 
Balsley,  A.,  Georgia  Ry.  and  Elec.  Co.,  Atlanta,  Ga. 

B  15.  17.    E  25.    K  15.    P  37.  40.    Q  18.    R  25,  28.    T  20.    Z  24,  25. 
Barnes,  H.  H.,  Jr.,  Stanley  Elec.  Mfg.  Co.,  Pittsfield,  Mass. 

K  14,  15-    M  19,  21.     P  37.  43. 
Beaman,  David  W.,  New  Bedford  Gas  and  Ed.  Lt.  Co.,  New  Bedford, 
Mass. 

C  3,  6,  7.    G  3.    M  13.    O  6.    Si,  14.    U  8,  9,  10,  11,  28. 
Beardsley,   D.  H.,  The  Citizens'   Elec.   Co.,   Battle   Creek,   Mich. 

S  21,  23. 
Bechstein,  E.  A.,  The  Sandusky  Gas  and  Elec.  Co.,  Sandusky,  Ohio. 

D  14.     P  27.    R  17.     S  15.    U  4,  7,  9,   10,   II.    W  I,  28.    Y  II,   16. 
Bechtel,  E.  J.,  The  Toledo  Rys.  and  Lt.  Co.,  Toledo,  Ohio. 

D  3,  4,  6.    E  II,   12.    K  3.     P  7,  8,  9,  12,   16. 
Beck,  Fred  H.,  Aberdeen  Gas  Co.,  Aberdeen,   S.  D. 

E  28.     N  5.    U  4.  32.     Y  8. 
Bement,  A.,  215  Deaborn  street,  Chicago,  111. 

D  7.     E  2,  3,  10,  15.  25,  27.     F  3.    J  17. 
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Beugler,  H,  M.,  Elmira  Water,  Lt.  and  R.  R.  Co.,  Elmira,  N.  Y. 

H  2.    M  18. 
Blizard,  Chas",  The  Elec.  Storage  Battery  Co.,  Philadelphia,   Pa. 

L  2,  3,  4,  7,   15,   16,   17. 
Bottomley,  H.,  Fall  River  Elec.  Lt.  Co.,  Fall  River,  Mass. 

A  7.    B  I,  6.    C  3,  6.    En,   18,   19.    G  5,  7,  8,  9,   13,   17,   18,  20. 
K  7.    Li.    P  12,  18.    Q  I.    S  8.    U  24. 
Bowe,  C.  K,  The  Elec.  Co.,  Huron,  S.  D. 

A  6.    C  4.    E  17. 
Boyer,  Lee,  Elec.  Lt.  Plant,  Okmulgee,  I.  T. 

k  12.    N  5.    R  25.    S  30,  31.    U  33- 
Bragdon,  Herbert  E.,  New  Bedford  Gas  and  Ed.  Lt.  Co.,  New  Bedford, 
Mass. 
P  I,  2,  5,  9.  12,  13,  14,  15,  16,  17,  18,  27,  28,  29.    Q  6,  ID,  15,  16,  17. 
Brown,  C.  R.,  The  Edison  Elec.  Ill'g  Co.  of  Boston,  Boston,  Mass. 

M  13,  14,  15.     S  26. 
Brown,  P.  C,  Brookline  Gas  Lt.  Co.,  Brookline,  Mass. 

S  32. 
Bullock,  F.  W.,  Jamestown  Ltg.  and  Pr.  Co.,  Jamestown,  N.  Y. 

C  6.    E  20.    P  12,    14,   32.    U  9,    ID.    X  II.    Y  II. 
Burnett,  Douglass,  Gen.  Mgr.  Consol.  Gas  Elec.  Lt.  and  Pr.  Co.,   Balti- 
more, Md. 
P  14,  19,  31,  34,  40.    Q  2,  23.    R  7,  ID,   II,  14.    S  3,  6,   13,   14.   15. 
19,  21,  23,  26,  28,  29,  30.    T  I,  2,  3,  6,  7,  10,  13,  17,  19,  22.    U  2, 
4»  5.  7,  9,   10,   II,   12,   14,  25,   32.    V  I,   2,  4,   5,  6.    W  I,  2.   3,   4y 
5,  6,  8,   10,   II,   12,   13,   19,  20,   21,  29,  30.    X  II,   12.    Y  I,  4,  6, 
10.  12,  16,  17,  19.    Z  II,  12,  17,  18,  21,  22. 
Burns,  Geo.  E.,  Chicago  Edison  Co.,   Chicago,  111.  '     ' 

X3. 

Bushnell,  O.  J.,  Chicago  Edison  Co.,  Chicago,  111. 

U  3,  4,  7.  9,    10,   II,   12,   14,   15,   16,   18,   19,  33y  34. 

c 

Cahill,  W.  P.,  Box  116,  Woodbury,  Conn. 

N  I. 
Campbell,  Alex  J.,  New  London  Gas  and  Elec.  Co.,  New  London,  Conn. 

P  21,  27.    R  ID.    W  I,  2,  28.       X  12. 
Carlton,  W.  G.,  Chicago  Edison  Co.,  Chicago,  111. 

P  7,  II,   13,  30,  31,  37.  38,  40.    Q  2,  4,  5,  7,   10,  15,   17,   18,  23,  25, 
26,  27.     R  25.    Z  20. 
Carrington,  M.,  Westinghouse  Elec.  and  Mfg.  Co.,  Chicago,  111. 

D  6.    K  15,   18.    M  2.    P  39.    Q  23,  25.    R  23,  24.    U  I,  2,  35,  36. 
Z  19. 
Carspecken,   L.,   Engr.   Subways,   The  Allegheny   County   Lt.   Co.,    Pitts- 
burg, Pa. 

Q  II,  12,  14,  16. 
Cartwright,  J.  W.,  Jr.,  Secy.  Public  Works  Co.,  Bangor,  Me. 

P  12,  16,  27.    V  6.    W  2,  4,  9,  10,  12.  13,  16,  17.    Y  ID.    Z  8.  i 
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Carver,  D.  L.,  Steamboat  Springs  Elec  Co.,  Steamboat  Springs,  Colo. 

H  21. 
Chandler,  F.  S.,  Chicago  Edison  Co.,  Chicago,  111. 

P  32. 
Charleston  Consol.  Ry.,  Gas  and  Elec.  Co.,  Charleston,  S.  C. 

K  12,  13,  15.    M  8.    P  12,  43.    U  4,  7,  9,  10,  12,  19,  22,  28,  29,  30, 
31,  32,  33,  34.    Y  I,  3.      Z  25. 
Clapp,  J.  W.,  Memphis  Consol.  Gas  and  Elec.  Co.,  Memphis,  Tenn. 

X  12.    Y  16,  17,  18. 
Codman,  J.  S.,  J.  S.  Codman  &  Co.,  220  Devonshire,  street,  Boston,  Mass. 

W  5. 
Collier,  W.  R.,  Atlanta,  Ga. 

D  9.    H  3.    K  18.    L  18.    T  7.    U  36.    Z  2,  3. 
Colorado  Springs  Elec.  Co.,  The,  Colorado  Springs,  Colo. 

A  I.    C  3,  4,  6.    G  7-    H  14,  21.      J  7»  9»  10,  14.    K  7.    M  7,  8,  10, 
12.    P  12,  27,  31.    T  12.    U  4,  5,  6,  7»  8,  9,  10,  II,  12,  13,  14,  15, 
16,  17,  22,  23,  24,  26,  27,  28.    W  13,  15,  16,  17,  19.    Y  8,  II,  12. 
Copeland,  E.  T.,  411  Board  of  Trade  Building,  Boston,  Mass. 

B  2,  3,  4,  5.      N  I. 
Cover,   Alex   M.,    Supt.    So.   Fork   Elec   Lt.,    Ht.    and    Pr.    Co.,    South 
Fork,  Texas. 
M  7.    Pi.  12,  14,  16,  19,  21,  22,  23,  27.    R  20,  21. 
Cowles,  J.   W.,   Supt.   Distr.   Dept.,   Edison   Elec.    Ill'g   Co   of   Boston, 
Boston,  Mass. 
S  I,  5,  20,  21,  28,  30.    U  7,  8,  9,  10,  II,  13,  15,  18,  19,  20,  21,  22, 
23,  24,  25,  28,  29,  30,  32,  33,  34,  35,  36. 
Cowles,  P.  E.,  Elecn.,  Dixon  Pr.  and  Ltg.  Co.,  Dixon,  111. 

P  12. 
Cowling,  J.  T.,  Westchester  Ltg.  Co.,  Mount  Vernon,  N.  Y. 

C  8,   16.    D  5.    G  I,  18.       K  3,  8.    M  5.    P  19,  27.       T  7,   10,   15. 
Y6. 
Crandall,  H.  N.,  Baker  Gas  and  Elec.  Co.,  Baker  City,  Ore. 

A  I,  2.    M  10,  18.      P  23,  27,  37,  38,  40,  44.    R  6,  7,  15,  16,  25,  27, 
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Wrinkles 


H.    C.    A  BELL,    Editor 


WRINKLES 


RECORDS,  SCHEDULES,  REPORTS,  ETC. 

A  1 

Solicitors'  Hand  Book 

A  method  of  saving  clerical  work  for  solicitors  and  yet  enabling  them  to 
keep  records  of  their  business  and  leave  a  copy  of  their  figures  with 
the  customer. 

The  pages,  four  by  eight  inches,  are  bound  in  a  Unimatic 
loose-leaf  book.  The  book  contains  an  index,  all  the  prices  of  the 
company,  including  power,  light,  heating,  etc.,  blue-print  tables 
for  convenient  figuring  of  prices,  data  on  engineering,  gen- 
eral orders  to  solicitors,  general  information  regarding  cost 
for  lighting  and  power,  Welsbach  competition,  pressure-gas 
competition,  etc.  Being  of  the  loose-leaf  form,  new  orders,  prices, 
and  data  can  easily  be  substituted  for  those  out  of  date,  and 
the  old  prices,  data,  etc.,  can  be  collected  and  destroyed.  In 
the  back  of  the  book  are  plain  sheets  of  paper  which  are  called 
"scribbling  sheets."  Each  solicitor  has  a  piece  of  carbon  papfer 
which  he  places  between  two  sheets.  When  he  sees  a  aiS" 
tomer  he  writes  the  custwner's  name,  address  and  the  date  on  the 
top  of  the  sheet,  and  he  figures  the  consumption  on  the  basis  of  the 
installation  and  the  number  of  hours  burned,  and  then  endeavors 
to  close  with  the  customer  for  a  contract. 

He  writes  on  the  bottom  of  the  sheet,  "Please  preserve  this 
for  reference,"  and  takes  out  the  original  sheet,  hands  to  the 
customer,  brings  in  the  carbon  copy  and  keeps  it  in  a  card  cata- 
logue, which  contains  the  months  and  days  of  the  month.  When 
he  has  closed  with  the  customer  the  figuring  is  filed  under  the 
proper  initial  in  the  card  catalogue.  Therefore,  when  the  solicitor 
comes  in,  practically  all  of  his  clerical  work  is  done  for  the  day, 
besides  impressing  the  customer  with  the  fact  that  we  do  our  work 
under  correct  business  methods. 
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In  case  of  any  "kick"  in  the  future  as  to  the  size  of  his  bill, 
our  department  of  claims  and  adjustments  will  ask  the  customer 
for  his  copy  of  the  solicitor's  figuring.  In  case  the  customer  does 
not  have  it  they  can  ask  the  solicitor  for  it  and  any  claim  of  mis- 
representation on  the  part  of  the  solicitor  to  the  customer  can  thus 
easily  be  checked. 

The  solicitor,  on  coming  in  from  his  day's  work,  makes  out  a 
Serial  Report  about  the  same  size  as  the  sheet  in  the  Solicitor's 
Hand  Book,  which  serial  report  comes  to  me.  The  serial  report 
that  contains  no  business  is  set  aside  and  either  myself  or  a  special 
solicitor  sees  the  customer  and  endeavors  to  secure  the  business. 
In  this  way,  everything  possible  is  done  to  interest  the  customer. 
To  be  just  to  our  solicitors,  we  very  seldom  close  with  a  customer 
after  they  fail  to  secure  the  business. 

We  have  in  the  Solicitor's  Hand  Book  what  we  call  "record 
sheets."  These  are  for  the  solicitor's  personal  use.  If  he  has 
any  data,  engineering  or  otherwise,  that  he  wishes  to  preserve, 
he  makes  them  on  these  sheets.  You  will  notice  that  we  have 
good  paper  and  check  lines  to  a  tenth  of  an  inch,  so  that  any 
drawing  or  table  can  easily  be  made  on  them ;  being  bond  paper, 
it  will  last  indefinitely.  If  necessary,  they  are  reinforced  with 
linen  tops  and  the  holes  restamped,  which  makes  them  practically 
indestructible.  The  data  that  the  solicitor  puts  on  these  sheets  are 
his  own  property,  and  it  is  understood  that,  in  case  he  leaves  the 
company,  he  can  separate  these  sheets  and  retain  them.  I  enclose 
a  sample  of  the  "scribbling^'  and  "record"  sheets. 

Every  serial  report  is  sent  to  the  head  of  the  "Follow-up"  de- 
partment of  advertising,  and  the  results  of  inquiries  sent  to  us 
are  taken  from  the  serial  reports.  This  method  gives  the  Follow-up 
department  a  check  on  everything  that  is  sent  them.  This  method 
is  a  great  advantage  over  the  old  system  of  card  catalogues  in  that 
the  clerical  work  now  performed  is  more  than  cut  in  two,  and  it 
is  very  seldom  that  a  man  spends  more  than  an  hour  a  day  in 
clerical  work. 

The  serial  reports  are  kept  filed  in  my  office  and  can  be  re- 
ferred to  at  any  time  in  case  of  inquiry  from  officers  of  the  com- 
pany. Solicitor  making  the  serial  report  takes  a  carbon  copy, 
which  he  netains  in  his  card  catalogue,  so  you  see  we  have  a  double 
check;  in  pase  one  copy  is  lost  it  is  easy  to  find  a  duplicate. 


The  serial  report  is  the  same  size  as  the  "scribbling^**  sheet 
and  perforated  to  carry  in  the  hand  book,  so  is  also  the  Memoraf^ 
dum  for  Contract,  which  must  receive  my  initial  before  contract 
blanks  are  gotten  out.  I  enclose  a  sample  of  the  serial  report  and 
of  a  memorandum  for  contract. 

Charles  H.  Herrick,  Boston,  Mass. 

A2 
Station  Beoords  and  Distribution  Orders 

Rules   and  Regulations   of  the  Electric  Department   of  the  Elmira  Water, 
Light  and  Railroad  Company. 

1.  First. — Station  work.  All  work  in  connection  with  the 
running  or  care  of  station.    Engineers  in  charge. 

Second. — Line  work.  All  work  in  connection  with  outside 
lines  or  light.    Head  lineman  in  charge. 

2.  The  engineers  will  have  general*  charge  of  machine  and 
boiler  rooms  during  their  respective  runs,  and  will  be  looked  to  and 
held  responsible  for  operation  and  condition  of  same.  It  will  be 
their  duty  to  see  that  the  machine  and  boiler  rooms  are  kept  in 
perfect  order,  as  well  as  everything  contained  in  same,  valves  and 
stuffing  boxes  packed  and  engines  properly  keyed.  Engineers  or 
machine  tenders  will  not  both  absent  themselves  from  the  floor  at 
the  same  time,  nor  for  more  than  ten  minutes  at  a  time. 

3.  Elngineers  and  firemen  must  see  that  engines,  machines, 
shaftings,  belts,  steam  piping,  tools,  boilers,  etc.,  are  kept  clean  and 
in  first-class  order.  Firemen  must  not  leave  furnace  doors  open 
when  cleaning  fires  or  leave  boiler  room,  and  must  also  shut  oflf  the 
draft  in  ashpit,  also  fires  must  not  be  allowed  to  burn  too  low  be- 
fore cleaning,  as  it  is  not  always  necessary,  and  they  must  be 
cleaned  twice  a  day.  Engineers  will  be  held  responsible  if  same 
is  not  done. 

4.  Every  boiler  must  have  flues  cleaned  once  a  week. 

5.  Every  boiler  must  be  cleaned  and  inspected  once  each 
month. 

6.  Every  boiler  must  be  blown  both  surface  and  bottom  once 
in  twenty-four  hours. 

7.  Machine  room  must  be  mopped  out  once  a  week  and 
cleaned  daily. 

8.  The  lights  must  start  and  stop  on  time. 
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9-  Doors  to  machine  room  must  be  kept  locked  when  not 
in  use. 

10.  The  station  must  never  be  left  alone,  and  engineers  must 
see  that  machine  tenders,  firemen  and  helpers  do  the  work  that 
is  assigned  to  them. 

11.  Toilet  rooms  and  closets  must  be  kept  clean  and  in  order. 
A  place  is  provided  for  all  tools  and  wrenches.  When  you  have 
iinished  using  a  tool  see  that  it  is  returned  to  its  proper  place. 

12.  Everything  in  and  about  the  station  must  be  kept  clean 
4ind  in  order,  and  no  man  will  be  excused  for  a  violation  of  this 
rule, 

13.  Keep  sharp  lookout  for  fire,  and  see  that  fire  apparatus  is 
frequently  tested  and  that  same  is  in  order. 

14.  Oily  waste  must  be  kept  in  cans,  and  same  must  be  cleaned 
out  and  waste  burned  every  day. 

15.  No  smoking  allowed  in  basement  or  store  rooms. 

16.  Never  go  near  belts,  dynamos,  switchboards,  engines, 
shafting,  boilers,  or  machinery  of  any  kind,  unless  you  are  fully 
informed  and  instructed  how  to  do  so. 

17.  Never  step  through  or  over  running  belts,  or  moving  ma- 
chinery of  any  kind. 

18.  All  circuits  must  be  tested  each  day  and  the  conditions 
of  same  noted  on  the  blanks  provided  for  that  purpose  and  re- 
ported at  office  and  blackboard. 

19.  Engineers  must  make  out  a  regular  daily  report  on  blanks 
provided  for  that  purpose.  Machine  tender  must  not  leave 
floor  until  tender  relieving  him  takes  his  place.  In  case  an  arc 
machine  should  not  start  and  circuits  apparently  be  all  right,  try 
another  machine,  or  look  over  the  machine  in  use  and  see  if  there 
is  anything  wrong  with  same,  and  lineman  and  machine  tender 
must  work  together.  Machine  men  must  disconnect  and  ground 
all  arc  circuits  as  soon  as  current  is  shut  off  in  the  morning,  and 
only  remove  same  in  time  to  start  at  night. 

20.  Linemen  and  all  employees  are  positively  forbidden  and 
warned  from  working  on  any  *'live  circuit"  of  over  500  volts  with- 
out rubber  gloves,  which  will  be  furnished  by  the  company,  and 
they  must  use  all  possible  care. 

21.  Do  not  touch  or  handle  any  electric  wire  or  apparatus  of 
any  sort  while  standing  on  the  ground,  or  while  in  contact  with 


any  iron  work,  unless  your  hands  are  covered  with  rubber  gloves, 
or  your  tools  are  provided  with  rubber-covered  handles. 

22.  If  at  any  time  it  is  necessary  to  stand  on  the  ground,  or 
any  surface  not  insulated  from  the  ground,  while  handling  electric 
wires  or  apparatus,  rubber  boots  or  an  insulated  stool  should  be 
used. 

23.  Linemen  and  all  employees  who  have  work  to  do  on  "live 
circuits"  must  use  the  rubber  gloves  provided  by  the  company. 

24.  Never  handle  an  electric  wire  or  apparatus  with  both 
hands  at  the  same  time,  and  in  handling  wires  or  apparatus  always 
treat  the  same  as  if  it  carried  a  dangerous  current,  either  dead  or 
alive,  and  under  no  circumstance  allow  yourself  to  make  contact 
between  two  or  more  wires  at  the  same  time. 

25.  Never  take  it  for  granted  that  a  circuit  is  "dead."  Always 
handle  a  wire  as  if  it  were  "alive." 

26.  In  moving  wires  hanging  on  or  lying  over  electric  light 
wires,  lamps  or  fixtures,  use  a  dry  hand  line. 

27.  Linemen  must  keep  themselves  posted  and  know  each 
day  the  starting  and  stopping  time,  and  all  circuits  must  be  closed 
and  work  stopped  one-half  hour  before  starting  time. 

28.  Under  no  circumstances  must  the  linemen  keep  the  lights 
from  starting  on  time. 

29.  Lineman  must  not  interfere  with  switchboards  or  handle 
same  in  any  way,  but  if  work  is  to  be  done  on  any  circuit,  alter- 
nating, direct  or  arc,  lineman  must  report  such  work  to  machine 
tender  and  notify  him  to  open  the  circuit  at  switchboard  and  place 
"warning  card"  on  same.  He  must  see  that  the  machine  tender 
does  this  at  once, 

30.  Never  open  a  circuit  unless  notices  have  first  been  placed 
upon  switchboard  by  the  machine  tender. 

31.  He  must  also  order  this  card  removed  before  starting 
time,  and  if  notice  is  telephoned  to  station,  he  must  call  machine 
tender  to  the  telephone  and  notify  him  that  work  has  been  stopped 
and  line  is  clear.  Machine  tender  must  not  remove  "warning 
card"  or  close  switch  until  he  has  notice  from  linemen,  and  he  must 
receive  word  direct. 

32.  Head  lineman,  in  erecting  arc  lights  or  converters,  must 
see  that  same  conforms  to  rules  of  Underwriters'  Association  of 
New  York  State. 
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33.  Two  hours  before  starting  time,  head  lineman  must  ascer- 
tain from  machine  tender  if  arc  circuits  are  "closed"  and  at  start- 
ing time  must  be  on  hand  to  see  that  same  start. 

34.  Head  lineman  must  also  see  that  lines  are  clear  on 
Sunday. 

35.  Head  lineman  must  see  that  arc  lamps  and  converters  are 
kept  in  order,  and  when  not  in  use,  that  same  are  promptly  re- 
turned to  station,  and  all  lines  m  repair. 

36.  Tools  used  by  linemen  and  inspectors  must  be  provided 
with  insulated  handles  of  hard  rubber,  or  other  equally  good  in- 
sulator. It  is  the  duty  of  each  employee  to  look  after  his  tools,  and 
see  that  they  are  in  good  order,  especially  as  to  their  insulation. 

37.  Never  use  porcelain  knobs  where  exposed  to  moisture  or 
the  weather,  and  never  use  them  anywhere  else  if  glass  can  pos- 
sibly be  used. 

38.  Porcelain  knob  circuit-breaks  may  be  used  where  neces- 
sary, provided  not  more  than  two  lamps  are  on  the  loop.  In 
making  them,  paint  and  insulate  with  tape  the  joints  in  connecting 
wire  of  loop. 

39.  Never  place  the  line  where  it  can  get  against  a  sign, 
cornice,  roof,  pole,  or  anything  else,  where  exposed  to  the  weather, 
unless  it  would  first  rest  against  glass.  Rubber  tubing  is  not 
safe  as  a  guard  where  exposed  to  moisture  or  the  weather.  Use 
iron  brackets  and  glass  tubing  always  in  such  places. 

40.  Always  run  wires  in  straight  parallel  lines,  and  make 
square  turns  where  possible.  Twelve  inches  between  wires  is  the 
proper  space  for  arc-lighting  circuits,  where  practicable. 

41.  Never  fasten  a  cut-out  box  or  converter  against  the  wall. 

42.  Never  fail  to  put  in  '*drip  loops"  in  line  where  entering 
buildings.  In  all  electrical  work  remember  where  insulation  is 
desired  it  can  never  be  too  good,  or  when  contact  is  desired  can 
you  ever  make  it  too  good  or  strong. 

43.  In  removing  lamps  ordered  out,  always  close  the  loop  at 
the  line  where  it  was  originally  cut  in,  and  remove  all  dead  wire. 
Never  leave  dead  or  unnecessary  wire  in  circuit.  Under  no  cir- 
cumstances leave  a  converter  in  circuit  that  is  not  in  use. 

44.  Always  use  iron  pins  on  arms  where  wires  turn  a  comer 
or  leave  the  line. 

45.  Never  screw  an  insulator  on  iron  pin  or  circuit-break  very 
tight,  nor  without  first  putting  inside  the  glass  a  strip  of  paper 
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folded  twice  or  three  times  or  a  piece  of  rag.  This  will  prevent 
the  glass  being  broken,  as  iron  expands  with  heat  nearly  twice 
as  rapidly  as  glass,  and  unless  there  is  room  enough,  the  difference 
in  temperature  between  winter  and  summer  would  burst  insulators 
in  summer  ivhich  were  placed  in  winter, 

46.  In  connecting  line  to  lamps  hung  from  suspension  wire, 
put  up  wire  in  such  a  manner  that  same  will  not  kink  or  twist, 
and  if  necessary  use  flexible  wire.  Solder  and  tape  same  as  other 
joints.  Arrange  the  length  of  the  wires  leading  to  lamp  so  the 
lamp  frame  mil  not  shadow  the  roadway  of  either  street. 

47.  Never  tape  a  joint  until  it  is  soldered.  Leave  it  bare  un- 
til it  can  be  properly  finished,  if  you  are  compelled  to  so  leave  it, 
and  never  leave  it  unsoldered  twenty-four  hours. 

48.  Always  avoid  temporary  work.  Your  orders  are  at  all 
times  to  do  what  you  do  thoroughly. 

49.  When  working  on  a  circuit  always  keep  it  "closed,"  unless 
you  are  able  to  have  it  tested  O.  K.  during  the  day  from  the 
station  at  10  o'clock,  and  from  3  to  4,  or  as  agfreed  with  machine 
tender. 

50.  When  placing  guard  wires  on  street  crossings  always  use 
iron  pins  and  glass  insulators  to  attach  both  ends  of  guard  wires 
to ;  never  tie  on  cross-arm  or  pole.  In  stormy  weather  when  they 
may  be  of  use,  they  would  be  dangerous  every  way. 

51.  In  working  on  lines  all  circuits  must  at  all  times  be  re- 
garded as  alive  and  grounded.  The  line  you  are  on  may  "come 
alive"  at  any  time — ^be  careful. 

52.  Be  careful  that  all  tools  are  securely  fastened  in  your  belt 
when  working  on  pole  or  ladder,  and  in  handling  wire  and  lines 
on  poles  have  a  proper  regard  for  the  safety  of  those  walking  or 
driving  below. 

53.  When  working  on  poles  always  use  your  safety  belts,  as 
well  as  other  safety  devices  you  are  requested  to  use.  It  takes 
but  little  time  to  make  yourself  safe,  and  many  weeks  to  mend  a 
broken  bone. 

54.  Never  lay  tools  down  when  above  the  ground. 

55.  You  should  take  necessary  time  and  precaution  for  your 
own  and  the  protection  of  others  at  all  times. 

56.  House  wiremen  must  see  that  all  their  work  complies 
with  the  requirements  of  the  Underwriters*  Association  of  New 
York  State. 
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57-  Head  wireman  must  report  at  once  to  office  the  starting 
and  stopping  of  lights  and  must  make  out  "wiring  slip"  for  all 
material  or  supplies  used  in  his  department. 

58.  Storekeeper  must  keep  a  careful  account  of  all  goods  or 
supplies  received  or  issued,  and  nothing  must  be  taken  from  store- 
rooms without  same  is  first  charged  to  its  proper  account  and 
entered  on  books  provided  for  that  purpose. 

59.  Trimmers  and  inspectors  must  never  stand  on  ground  or 
any  metallic  substance  in  handling  lamps,  and  must  always  use 
rubber  gloves  provided  by  the  company.  In  starting  to  trim  a 
circuit  always  test  same  first  to  see  that  it  is  not  crossed  by  a 
"live  line." 

60.  Lamp  trimmers  and  others  engaged  in  the  care  of  lamps 
must  see  that  switch  putting  the  lamps  in  circuit  is  turned  off 
before  they  handle  the  lamps  in  any  way,  and  they  must  be  careful 
and  see  that  switch  is  turned  on  after  trimming  the  lamp,  and 
must  use  the  stand  provided  for  them,  and  ground  each  lamp 
while  trimming,  and  report  in  person  and  by  telephone  when  they 
are  off  the  line  at  night  to  allow  of  starting  on  time. 

61.  Inspectors  must  report  to  machine  tenders  upon  returning 
to  the  station. 

62.  Company  badge  will  be  provided  for  each  employee,  and 
same  must  be  worn  where  it  can  be  plainly  seen.  Badge,  keys, 
street-railway  pass,  rubber  gloves,  and  all  property  of  the  company 
must  be  surrendered  upon  leaving  the  employ  of  the  company. 

63.  Under  no  circumstances  attempt  an  experiment  or  expose 
yourself  or  others  to  any  risk  or  danger. 

64.  Intemperate  men  are  not  wanted. 

65.  Strangers  and  visitors  will  not  be  allowed  in  the  station 
without  permission  from  the  office. 

66.  In  case  of  serious  trouble  send  for  at  once  or  call  by  tele- 
phone the  superintendent. 

67.  Inspectors  must  answer  all  calls,  attend  to  "trouble" 
promptly,  and  return  at  once  to  the  office,  and  at  all  times  must  be 
civil  and  polite  to  customers. 

68.  All  men  are  expected  to  be  promptly  on  hand  and  to  do 
the  duty  assigned  to  them.  Extra  time  will  be  allowed  only  when 
a  previous  arrangement  is  made  with  the  superintendent,  and  time 
lost  will  be  deducted,  for  "it  is  a  poor  rule  that  will  not  work  both 
ways." 
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69.  Any  employee  having  a  complaint  to  make  of  another  can 
do  so  to  the  superintendent,  but  he  must  be  prepared  to  make 
his  statement  in  the  presence  of  the  one  he  complains  of.  Each 
shall  have  an  equal  right  to  be  heard. 

70.  In  case  of  any  misunderstanding  or  trouble  of  any  kind, 
go  at  once  to  the  superintendent  for  explanation  or  advice,  and 
all  employees  are  at  liberty  at  any  time  to  ask  for  any  information 
pertaining  to  the  business,  and  he  will  explain  to  them  what  they 
do  not  understand.    Try  constantly  to  perfect  yourself. 

71.  Experimenting  of  any  kind  will  not  be  allowed,  and  prac- 
tical jokes,  boy  play,  profanity  or  indecent  language  will  not  be 
tolerated  one  moment.  Employees  must  and  will  not  be  allowed 
to  make  remarks  before  customers  for  any  cause  whatever,  or 
against  the  company  or  any  of  its  employees  in  the  presence  of  a 
customer  or  any  outsider. 

^2,  Work  and  pull  together  in  the  interest  of  yourself  and 
company,  and  you  will  find  it  the  surest  way  to  advancement  and 
your  own  success. 

73.  All  the  above  rules  will  be  rigidly  enforced.  Notice  is 
hereby  given  that  if  any  employee  violates  or  neglects  any  of  them 
he  does  so  at  his  own  risk. 

RULES  FOR  RAILROAD  LINEMEN 

First. — All  line  tensions  should  be  taken  off  the  trolley  wire 
at  the  end  of  both  tangents  to  the  curve.  This  can  be  done  by 
running  strain  wires  to  take  up  this  tension. 

Second. — The  location  of  the  curve  of  the  trolley  wire  should 
not  be  directly  over  the  center  of  the  track,  except  at  the  point 
of  tangency,  but  should  depan  from  this  curve  toward  the  center, 
the  departure  being  greater  as  the  radius  of  the  curve  decreases. 
For  a  50-foot  curve  the  trolley  wire  should  be  eight  inches  inside 
of  the  center  line  of  the  track,  at  center  of  90  degrees  curve.  (See 
Figure  i.) 

In  regard  to  spacing  the  pull-oflfs  around  the  curve  Table  L 
shows  the  distance  apart  that  they  should  be  placed  in  order  that 
the  sides  of  the  polygon  formed  by  the  trolley  wire  and  pull-off 
will  not  be  such  an  angle  as  to  throw  the  trolley  when  passing 
around  these  curves.  In  any  case  the  deflection  of  the  trolley  wire 
at  any  one  pull-off  ear  should  not  be  more  than  10  degrees. 
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TABLE    L 


Distance  between 

Radius  in  Feet 

Centre  of  Track  and 

Centre  of  Trolley 

35 

14 

feet 

40 

12 

45 

10 

50 

8 

55 

7 

60 

7 

70 

6 

80 

6 

90 

5 

100 

4 

120. 

4 

140 

4 

160 

3 

180 

3 

200 

3 

250 

3 

300 

2 

350 

2 

Distance  between 
Pull-off  on  Curve 


6  feet 

7 

8 

9 
10 

II 

12 

12 

12 

12 

14 

14 

14 

14 

14 
16 

16 

16 

With  cttrves  laid  out  with  a  spiral  between  the  curves  and  the 
tangent  (as  on  the  Sullivan  Street  line)  it  is  not  necessary  to  make 
any  difference  in  guying  the  trolley  wire. 

Sheet  2  shows  a  number  of  methods  of  locating  puU-offs  in 
order  to  hold  trolley  wire  to  the  proper  curve.  The  original 
method  consists  in  attaching  the  pull-off  guy  directly  from  the 
trolley  to  the  pole.  These  pull-offs,  as  usual,  are  provided  with 
turn-buckles,  so  that  the  pull-offs  can  be  varied  at  length,  adjust- 
ing the  trolley  to  the  proper  curve.  The  other  general  method  is 
the  flexible  method,  where  the  troHey  wire  is  connected  to  a  heavy 
span  wire  by  means  of  pull-offs,  and  this  method  has  the  advan- 
tage of  equalizing  the  strains  on  the  different  pull-offs,  and  tcndr 
ing  naturally  to  hold  the  trolley  wire  to  a  curve. 

Figure  i.  Load  factor  for  each  day,  obtained  by  divid- 
ing the  total  daily  output  by  the  total  capacity. 

Figure  2.  Output  for  each  day  in  both  alternating  current  and 
direct  current.  H.  M.  Beugler. 


A  3 

ExMbition  Department 

While  the  maintenance  of  an  exhibition  department  by  electric 
lighting  companies  is  not  a  new  idea,  still  it  has  not  been  uni- 
versally adopted.  The  Boston  Edison  Company  has  maintained 
one  for  five  years,  and  finds  it  a  very  satisfactory  method  of  adver- 


IS 

tising,  not  only  for  the  company  but  for  the  various  exhibitors. 
Properly  managed,  it  undoubtedly  proves  a  good  investment. 

La  Rue  Vredenburgh,  Boston,  Mass. 

A  4 

Apparatus  Inspection  Beport 

Each  piece  of  electrical  apparatus  in  each  station  is  charged 
directly  to  one  man;  whether  he  has  the  handling  of  it  all  the 
time  or  not,  he  is  personally  responsible  for  its  condition  at  all 
times.  Once  a  week  a  report  is  submitted  on  every  piece  of  appa- 
ratus.   In  each  station,  in  a  conspicuous  place,  the  several  pieces 
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^90S. 


AiUnlion  is  called  to  t/ie  present  condition  of 


which  requirci .  .      

O.  H.  WILLIAMS,  Qmi'I  Supt. 
W^aa  th«  •bov*  la  sallsfaclsvlly  •tt«ad*4  to  »!•«••  alia.  4al«  aaj  ralnni  Ikla  card. 

The  trouble  abott:  ha»  hecn  aUended  to 

19"': 


Fig.  I 

of  machinery,  boards,  etc.,  are  listed,  and  set  opposite  is  the  name 
of  the  man  who  has  the  responsibility  of  keeping  it  in  shape. 
When  the  report  shows  adverse  criticism  an  order  is  made  out 
as  shown  by  the  accompanying  sample.  These  are  made  in  tripli- 
cate— the  original  kept  on  file  at  the  office,  the  others  sent  to  the 
man  whose  duty  it  is  to  rectify  the  trouble.  When  the  trouble 
has  been  attended  to  he  signs  and  returns  the  slip,  keeping  the 
third  one  himself.  In  this  way  a  record  is  had  when  orders  are 
given,  and  there  is  no  chance  of  a  man's  claiming  that  the  instruc- 
tions were  not  received.  It  further  brings  to  light  the  fact  that 
work  is  not  properly  attended  to,  should  the  same  work  be  reported 
several  times.    Besides  this,  it  places  a  man  in  a  position  where 
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personal  pride  will  prompt  him  to  do  a  great  deal  more  to  keep 
his  particular  apparatus  in  shape,  as  each  visitor  to  the  engine- 
room  can  see  which  machines  are  being  cared  for  by  certain  men. 


ELECTRICAL  APPARATUS  REPORT     «...   -    ^. 

I  HAVE  imPBCTBD  THE  FOLLOIl'INO  C'HBCKMARKBO  APPARATUS  AMD  MAOHI.MBKT  ASt>  FI.XD  THBIR 

COXDITIOM  TO  BR  A8  POUiDini: 


VUiAMBON  fmcr  fTAnON 


Xo.  I  ANRiMtor  aad  1 
No.  t  AHmtator  aad  Bieltar . 
!«o.  a  AttanMor  ud  Bzcttv. 
No.  4  AltwMtor  rad  Esdttr . 

No.  1  «M  ToK  OcMrator 

No.  f  Ml  VoKOMMmtor^- 

Ne.4M»ToKOca««lor.„ 

;io.ftlllVoltOciMt»tor.» 

•M  Volt  Swltehboanl... 

A.  C.  RwncMMMrd 

A.  C  ■■gwlalnw 

"tWttoo  TMcplKNMa 


RCMAMCS 


tuaunr  synscT  sTATtoH 


ia>K  ixr  AlMmatorudEultn' 

Tarko  Ontrntor  and  Biclttr.» .... 

n  K.'  W.  fiM  Volt  OMM«tor 

!«•  K.  W.  a«»  Volt  OcMtator <■. 

IM  K.  W.  HO  VuH  Owwftor 

BUUtery  Booatcr 

Iimltor  Motor  OiMwrator 

AicRaBvUlon > 

I>.  C  Rwltcbboord 

A.  C.  SwItrblKMnI  ...*. 

Art  BwttchlMMrd - 

Lmx*  Triples  PaBp,>tttar 

Mull  Trtptex  Pamp  Motor 

VcrttHU  PWDp  Motor 

HortooBtal  Pnmp  Motor 

Air  CvoipraMor  Motor  „....^..._... 

CMtm  Motor ~.™- » 

MA»<  rmccT  sr A-noN 


wo  EihMHtai^ Motor.. 

W.O.  Bio w«r  Motor 

Titpin  POMP  Motor 

Boilar  Blowar  Motor 

Celw  Craakcr  Motor 


Fig.  2 


There  is  practically  no  expense  incurred  in  carrying  out  the 
scheme,  and  it  would  appear  that  **Repairs  Electrical  Apparatus" 
will  decrease  materially,  due  to  the  periodic  inspection  and  over- 
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hauling.  The  work  orders  are  very  handy  to  insure  having  the 
work  done  promptly,  as  the  two  dates — that  of  issuing  the  order 
and  that  of  executing  the  work — tell  the  whole  story. 

C.  H.  Williams. 

A  5 
Order  for  Inside  Wiring 

For  Plants  Operating  Under  a  Whole  or  Partial  Flai-Rate  Plan 

For  a  long  time  we  were  puzzled  to  know  where  to  file  reports 
of  work,  also  reports  of  lights  cut  in  or  out,  until  we  adopted  the 
following  plan : 

Before  a  house  is  wired  the  party  desiring  the  service  makes 
application  to  us,  and  he  is  required  to  fill  in  a  regular  blank  for 
that  purpose.  After  this  is  done  a  wiring  order  is  made  like  the 
one  enclosed,  and  as  soon  as  the  work  is  done  and  the  proper 
return  made  the  application  and  the  cost  of  the  wiring  report  is 
filed  in  an  envelope,  on  the  front  of  which  the  street  and  number 
are  given,  and  whenever  afterwards  there  is  any  change  made  in 
the  number  of  lights  in  that  particular  house  the  report  of  the 
cut-in  or  cut-out  is  filed  in  the  same  envelope ;  in  fact,  everything 
pertaining  to  the  wiring  or  lighting  of  that  particular  place  is 
filed  in  that  envelope.  We  keep  an  envelope  with  every  house 
or  place  of  business  in  which  we  have  any  wires,  keeping  each 
street  by  itself,  and  have  the  street  numbers  running  consecu- 
tively, so  that  reference  can  be  made  without  any  trouble  or  loss 
of  time. 

The  order,  as  you  will  see,  is  made  out  in  triplicate ;  No.  i  is 
kept  on  file  in  the  office,  and  the  file  on  which  this  is  kept  shows 
us  at  any  time  just  what  orders  are  not  completed. 

Forms  Nos.  2  and  3  go  to  our  foreman,  and  the  material 
used  on  the  job  is  entered  each  day  until  the  work  is  com.pleted, 
at  which  time  he  returns  No.  2  to  the  office  and  keeps  No  3  on 
his  file.  He,  of  course,  uses  carbon  paper  in  making  up  his  daily 
charge  against  the  job. 

If  it  is  not  desired  to  retain  one  at  the  foreman's  headquar- 
ters. No.  3  could  be  used  for  reporting  the  cost  of  the  service, 
after  making  a  change  in  the  reading  of  the  form. 

T.  C.  Gordon,  Little  Falls,  Minn. 
W.-.2 


ORDER  FOR  INSIDE  WIRING. 
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A  6 

A  Convement  Ketbod  of  Keeping  a  JContblr  K«cord  of 

IncandeKent    Lamps 

To  the  central  station  making  free  lamp  renewals  the  f(^low- 

ing  method  of  keeping  a  monthly  record  of  the  incandescent  lamp 

output  will  be  found  extremely  simple,  and  will,  in  a  shoil  time 

after  having  been  put  in  practice,  demonstrate  its  usefulness. 

This  ledger  is  kept  by  the  man  having  charge  of  lamp  renewals 
and  installations,  and  is  submitted  weekly  to  the  one  having  charge 


of  petty  ledger  accounts,  who  in  turn  renders  bills  according  to 
charges  made  therein. 

Very  frequently  consumers  present  disputed  bills,  which  have 
been  rendered  for  lamps  received  by  them  the  previous  month. 
By  having  the  lamp  ledger  at  hand  the  number  of  lamps  the  con- 
sumer received  and  the  conditions  under  which  they  were  issued 
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may  be  quickly  determined.  This  record,  if  accurately  kept,  will 
frequently  bring  about  surprising  results  in  regard  to  the  actual 
niunber  of  lamps  issued  in  a  year's  time.  By  determining  monthly 
the  number,  kind  and  candle-power  of  lamps  delivered,  and  the  re- 
sult entered  on  a  separate  page,  the  yearly  output  may  easily  be 
determined  at  the  end  of  that  time  by  adding  the  different  monthly 
outputs.  Districts  having  proportionately  higher  lamp  renewals 
will  quickly  be  noticed  on  the  lamp  ledger,  and  steps  may  be  taken 
toward  remedying  the  trouble,  such  as  changing  transformer 
ratios,  etc.  Lamps  are  issued  under  four  conditions,  viz. :  New 
lamps  for  which  consumers  are  to  be  charged,  duplicate  renewals, 
lamps  returned,  for  which  consumer  is  to  be  credited,  and  ex- 
changing lamps  of  one  candle-power  for  that  of  another. 

It  is  advisable  to  foot  up  the  total  on  each  page  as  soon  as 
it  has  been  completed.  This  will  avoid  a  great  deal  of  tedious 
work  at  the  end  of  the  month. 

The  accompanying  cut  shows  fac-simile  of  a  page  torn  from 
a  lamp  ledger  as  herein  described. 

RoBT.  J.  NiCKLES,  Madison,  Wis. 


A  7 

Pasting  Stickers  on  Bills 

Each  month,  in  sending  out  our  bills,  we  paste  on  the  lower 
left-hand  comer  a  sticker  containing  a  suggestion  as  to  various 
appliances  that  we  have  for  sale,  or  calling  attention  to  various 
matters  of  general  interest  to  our  customers.  Upon  the  back  of 
the  bill-head  we  also  have  printed  matters  of  general  interest  re- 
ferring to  our  business.    The  following  are  examples: 


WIRING 


We  would  suffgest  to  tboee  contem- 

SlaUng  wiriog  their  premises  for  Elec- 
ic  Light  or  Power  that  they  oommuni- 
cate  with  us  before  contracting  for 
same,  so  that  we  mav  give  them  the 
benefit  of  our  experience  and  advise 
the  proper  method  and  arrangement  of 
wiring.  No  charge  will  be  made  for 
this  service. 

Newbargh  Light,  Heat  and  Powar  Co. 


we  WOULD  CONSIDER  .  .  . 

It  a  favor  if  our  customers  would 
advise  us  of  any  defects  in  our  system. 
It  is  our  intention  and  desire  to  give 
the  best  possible  service.  We  are 
always  glad  to  receive  just  criticism. 

Newbnrgh  Light,  Heat  and  Powar  Co. 


Stickers 
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MINIMUM  CHAR0E5  .  .  , 

Ai  there  seems  to  be  some  misonder- 
stsnding  on  the  part  of  some  of  our 
customers  regarding  this  charge,  we 
hereby  Inform  all  electric  l%hting 
customers  that  no  monthly  biUs  mn 
made  for  leas  than  $1.00.  This  is 
rendered  necessary  because  of  constant 
electrical  losses  in  lines,  transformers, 
meters,  etc.,  whether  current  is  used  or 
not,  entailibe  the  constant  expense  of 
operating  boilers,  engines  and  dynamos 
to  enable  us  to  supply  current  when- 
ever called  for. 

Newbargh  Light,  Heat  and  Power  Co. 


DON'T  FOROET  .  .  . 

That  Fan  Motors  are  in  season. 
That  they  cost  no  more  to  operate 

than  an  incandescent  lamp. 
That  they  are  a  necessity  in  these 

modem  days. 
That  we  sell  them. 

Newbargh  Uglit,  Heat  and  Power  Ca. 


Stickers 


MAKE  ALL  CHECKS  PAYASLK  TO  THE  COMPANY. 


To  Newburgh  Light,  Heat  and  Power  Co.,  i>r. 

OFFICE,  62  KOVTOOICXBT  8TBEBT,  COB.  THIBD. 

for  llMtrititj  rappliid  far  LIOHT    dnriac  Month  of  JilTJUT,  1906 :      PmSou  Bill  Bandrnd,  | 

MMarRMdinc  OOa       Tkktn  JAl.  1906. 

Meter  ReMlin;,  000.       Tkken  DM.  .  1904. 


Differenoe^ 
Multiplied  by  Meter  Oomtttt^ 


000. 


Beetridtj  OostuMd, 


000. 


Watt  Honn  ^  20  oil.  per  1,000        ^ 

Per  Oeoi  Diioout»  | . 
Bill  Pretentad  Beoeived  Payment  for  Company, 

Face  of  Bill 


ONE  THINO  CHEAPER  .  .  , 

**  All  of  us  have  been  painf  uUy  aware  in  recent  years  of  the  rapid  increase  in  prices 
and  in  the  cost  of  living.  '  Ererything  has  gone  up/  is  the  cry,  and  Alice  Ck>bam,  in 
the  New  York  Evening  Post,  gives  chapter  and  verse  to  prove  it.  This  lady  goes  over 
item  by  itHm  in  her  article,  two  columns  long,  comparing  1904  with  18M,  and  what  she 
says  is  not  to  be  gainsaid.  *  Furthermore,  a  comparison  of  the  two  periods  reveals  a 
much  greater  increase  in  the  cost  of  necessities  than  In  the  price  of  luxuries,^  in 
which  also  we  will  not  venture  to  contradict  her.  What  we  do  want  to  vindicate  on 
tne  score  of  greater  cheapness  in  ten  years  is  electricity.  There  is  not  a  department 
of  electrical  service  to  the  public  that  is  not  cheaper  and  better  in  1904  than  in  1804. 
Trolley  rides  for  6  cents  are  much  longer,  the  universal  transfer  system  has  cut  the 
fare  to  much  below  6  cents,  and  the  service  is  infinitely  improved,  on  surface,  over- 
head, or  underground.  Telephony  is  better,  quicker,  much  cheaper,  and  available  to 
everybody.  Electric  light  and  power  are  both  cheaper  and  better,  all  over  the 
country  as  in  New  York,  and  whue  the  cost  of  every  constituent  item  entering  into 
production  has  risen— fuel,  wages,  rent,  taxes,  etc.,  the  price  of  current  has  been 
persistently  lowered.  The  companies  don't  get  much  thanks  for  this,  done  chiefly 
on  their  owo  volition.  On  the  contrary,  tUHV  are  consistently  or  inconsistently 
damned  just  the  same  and  about  as  usual,  but  the  great  fact  remains  in  their 
favor.'' — Electrical  World  and  Engineer. 

Rkvkrse  of  Bill 

I  am  aware  that  this  *'wrinkle"  is  in  use  by  some  companies, 
but  I  know  of  others  who  have  not  heard  of  it  but  who  may  be 
interested  in  trying  it.  E.  J.  Richards,  Newburgh,  N.  Y. 
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A  8 

Electric  lighting  Service  Agreement  and  Schednle  of  Bates 

You  will  find  below  our  copAtract  and  schedule  of  rates.  In 
one  the  rate  per  1000  watts  is  fixed  by  a  sliding  scale,  lowering 
as  the  average  hours  used  per  light  increase.  This  is  designed  to 
reach  small  customers  who  can  aflford  but  few  lights  and  who 

ILLXLCTRIC  LIGHTING  SERVICi:  AGRE^ILMENT. 

fi0teement,  entered  into  thla day  of ^..,  19a , 

between  the  ALPENA  ELECTHIC  LIGHT  COMPANY,  hereinafter  called  the  Company, 

and 

hereinafter  called  the  Consumer,  both  of  Alpena,  Michigan. 

The  Company  agrees  to  furnish  the  Consumer,  and  the  Consum'^r  agrees  to  take 

from  the  Company,  for  and  during  a  period  of years,  beginning- , 

19(X ,  and  ending ,  190 ,  electricity  for  the  operation  of 

incandescent  lamps  and arc  lamps  and motors  at  the 

premises  of  the  Consumer  No ^ - 

The  Consumer  agrees  to  pay  the  Company  monthly  at  the  office  of  the  Company 
for  such  electric  serrioe  as  shown  to  have  been  fumiedied  by  meter  or  meters  to  be 
installed  by  the  Company  in  accordance  with  the  attached  schedule  of  charges.  The  ^ 
Company  agrees  to  allow  a  discount  in  accordance  with  the  attached  schedule 
charges  on  all  monthly  bills  paid  on  or  before  the  TENTH  of  each  month. 

The  Consumer  agrees  to  pay  a  minimum  monthly  bill  of  $ S 

It  is  understood  and  agreed  that  all  transformers,  meters,  arc  lamps,  switches 
and  other  material  and  appliances,  furnished  by  the  Company,  are  not  sold  under  this 
contract,  but  are  to  be  and  remain  the  property  of  the  Company. 

The  Consumer  agrees  to  provide  space  for  the  meters,  wires  and  appliances  in 
said  premises,  and  further  agrees  that  no  one  who  is  not  an  agent  of  Ihe  Company,  or 
otherwise  lawfully  entitled  so  to  do,  shall  be  permitted  to  remove,  inspect  or  tamper 
with  the  same,  and  that  the  properly  authorized  agents  of  the  Company  shall,  at  all 
reasonable  hours,  have  free  access  to  the  said  premises  for  the  purpose  of  examining, 
repairing  or  removing  its  said  meters  and  other  material  and  appliimces. 

The  Consumer  nereby  ezprebsly  autiiorizee  and  empowers  the  Company  to 
remove  the  meters  and  all  other  material  and  appliances  installed  by  the  Company, 
and  cut  off  the  supply  of  electricity,  whenever  any  bills  for  such  services  are  in 
arrears,  or  upon  violation  by  the  Consumer  of  any  of  terms  and  conditions  of  this 
contract  or  of  any  other  contract  between  the  parties  hereto.  And  in  caf>e  of  such 
default  or  violation  there  shall  immediately  become  due  and  payable  by  the  Consumer, 
as  liquidnted  damages,  the  minimum  monthly  payment  hereinbefore  mentioned  for 
the  unexpired  term  of  this  contract. 

The  Consumer  agrees  to  aUow  the  Company,  its  successors  or  aFsigns,  the 
exclusive  privilege  of  lumlshing  electricity  for  lighting,  heating  and  power  purposes 
in  said  premises  during  ihe  continuance  of  this  contract ;  and  also  agrees  that  no 
electrical  conductors  for  light,  heat  or  power  purposes,  other  than  those  used  in  con- 
nection with  the  Company^  mains,  shall  be  installed  or  maintained  in  said  premises 
during  the  period  of  this  contract. 

The  Consumer  agrees  that  the  electrical  equipment  in  said  premises  shall  be 
and  remain  In  a  condition  satisfactory  to  the  Board  of  Fire  Underwriters  and  the 
inspection  department  of  the  Company. 

In  case  supply  of  current  should  fail,  whether  from  natural  causes  or  accident 
in  any  way,  the  Company  shall  not  be  liable  for  damage  by  reason  of  such  failure ; 
nor  shall  it  be  liable  in  any  event,  for  damage  to  person  or  property  arising,  accruing 
or  resulting  from  the  use  of  the  current. 

The  Consumer  agrees  not  to  use  the  current  for  any  purpofte  other  than  as 
provided  for  in  this  contract,  or  to  change  the  size  or  number  of  lamps  or  motors 
without  first  having  obtained  the  written  consent  of  the  Company. 

This  contract  is  not  transferable.  New  occupants  are  required  to  make  appli- 
cation at  the  office  of  the  Company  at  the  time  they  desire  to  conmieoce  the  use  of 
current,  to  avoid  being  liable  for  back  dues  for  current  supplied  until  such  notice 
was  given. 

Inspectors,  agents  or  any  employes  of  this  Company  are  expressly  forbidden  to 
demand  or  accept  any  compensation  for  services  rendered. 

This  agreement  to  continue  in  force  after  the  expiration  of  the  term  named 
until  either  party  gives  thirty  days  notice  of  a  desire  to  terminate  the  same,  at  the 
expiration  of  which  thirty  days  it  shall  be  ended. 
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This  Contract  shall  not  be  considered  binding  until  accepted  by  the  General 
Manager  of  the  Company. 

ALPENA  ELECTRIC  LIGHT  COMPANY, 

By 


Accepted  this day 

of 193 


Congumer. 


OenenU  Mcmciger, 


ALPENA    ELECXRIC    LIQHX   COMPANY 
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No  re. — For  regular  schedule,  see  page  iii. 


use  them  more  hours,  also  saloons,  restaurants,  etc.,  where  lights 
are  used  more  hours.  By  the  other  the  rate  is  fixed  by  gjoss 
amount  of  bill.  This  is  designed  to  catch  stores,  theatres,  etc., 
that  have  a  large  number  of  lights  which  are  used  only  a  short 
time,  but  where  a  lower  rate  must  be  given  to  get  the  business. 
Like  every  other  corporation,  we  are  after  business  and  wish  to 
g^et  all  of  it  at  living  rates.  We  are  interested  in  the  National 
Association,  and  will  always  gladly  contribute  anything  we  can 
to  increase  the  interest  in  and  efficiency  of  the  organization. 

This  contract  is  printed  on  a  sheet  seven  inches  by  eight  and 
one-half  and  folds  once,  like  a  voucher,  being  indorsed  on  the 
back.  The  schedules  are  about  half  the  size,  and  are  attached  to 
the  contract  as  stickers. 

George  P.  Smith,  Alpena,  Mich. 
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A  9 

A  Handy  and  Efficient  Method  of  Showing  on  a  Wall  Hap  the 

Bonndaries  of  Incandescent  Feeders  and  Sizes  and 

Locations  of  Titmsformers  on  Same 

The  method  employed  by  the  Denver  Gas  and  Electric  Com- 
pany is  briefly  explained  in  the  following: 

A  map  representing  500  feet  to  the  inch  is  pasted  on  a  frame 
made  of  kiln-dried  pine  boards,  which  is  fastened  to  the  wall.  The 
feeder  boundaries  are  shown  by  tacking  on  silk  cord.  The  pri- 
mary and  secondary  wires  are  shown  by  two  colors  of  ink.  The 
location  of  the  transformers  is  shown  by  fancy-headed  toilet  pins, 
cut  off  and  driven  into  the  map  on  the  primary  where  the  trans- 
former is  located.  The  size  of  the  transformer  is  shown  by  using 
different  sized  and  colored  pins.  By  using  these  pins  they  may 
be  shifted  on  the  map  as  the  transformers  are  shifted  or  changed 
on  the  feeders. 

As  a  map  of  this  kind  will  be  quite  large,  depending  on  the 
scale  to  which  it  is  drawn  and  the  size  of  the  territory  covered, 
it  is  difficult  to  obtain  a  frame  that  will  not  shrink,  thus  causing 
the  map  to  crack.  A  manufactured  composition  board  will  not 
warp  or  shrink,  but  must  be  soft  enough  to  receive  the  pins.  If 
boards  are  used  they  should  be  thoroughly  kiln-dried  and  well 
seasoned. 

E.  A.  Taylor,  Denver,  Colo. 
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line  Statistics  and  Transformer  Records 

It  may  be  of  interest  to  illustrate  a  method  of  keeping  record 
of  customers,  connected  load  and  services  connected  to  individual 
transformers  in  an  overhead  or  underground  system.  One  side 
of  the  card  is  reserved  for  names  of  customers  and  connected 
load,  and  on  the  reverse  side  a  sketch  is  made  to  scale  giving 
details  of  attachments  of  wires  to  poles  or  buildings  as  made  in 
serving  customers  from  the  particular  transformer  under  con- 
sideration. Where  secondary  networks  exist  supplied  by  trans- 
formers in  multiple  which  cover  so  large  a  territory  that  they  can 
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Fig.  2 — Reverse  of  Card 


not  be  shown  on  one  card  additional  cards  are  used,  and  the  plan 
of  the  whole  network  is  shown  on  the  combined  cards. 

A  sample  card  is  enclosed.  Leonard  L.  Elden. 


A  11 

A  Meter-Beading  Method 

This  company  operates  the  gas,  electric  light  and  power  busi- 
ness of  Albuquerque,  and  realizing  that  the  old  method  of  read- 
ing meters  from  meter  books  was  taking  entirely  too  much  time 
in  making  it  necessary  to  send  a  gas-meter  reader  and  electric- 
light-meter  reader  over  the  same  ground,  we  discarded  the  meter 
books  entirely.  We  use  a  form  of  meter  slip  (samples  of  which 
I  herewith  enclose)  printed  on  thin,  stout  bond  paper.  You  will 
note  that  we  use  different  colors  for  gas,  power  and  electric.  We 
have  a  blank  printed  giving  ledger,  folio,  route,  number,  applica- 
tion, date,  date  set,  date  out,  make  and  size,  maker's  number, 
company's  number,  constant,  name  and  location  and  blanks  for 
the  year's  business  by  months.  At  the  bottom  of  the  sheet  is  the 
December  reading  of  the  previous  year. 

The  route  of  the  meter  reader  is  made  up  in  bundles  of  one 
day's  readings  and  numbered  from  one  up  in  consecutive  order. 
Each  bundle  is  known  by  letters,  as  A,  B,  C,  D,  etc.  Should  a 
customer  move  from  one  part  of  town  to  another,  the  letter  is 
changed  on  the  meter  slip  so  as  to  be  in  rotation  for  reading,  the 
idea  being  that  after  the  slips  are  distributed  in  numeral  order 
on  each  route  the  next  number  in  the  reader's  file  should  take 
him  to  the  next  meter  location,  so  that  he  will  not  double  back 
and  forth  to  hunt  for  a  certain  name  and  location. 

Whenever  there  are  new  installations  interspersed  on  the 
route  the  number  of  the  meter  slip  for  that  location  would  appear 
as  a  cipher  prefixed  to  the  previous  number ;  e.  g.,  John  Smith  has 
an  electric  service  installed,  or,  for  that  matter,  gas  or  power  (it 
makes  no  difference),  next  door  to  Jc4in  Jones,  whose  number 
we  will  say  is  32.  This  new  consumer's  number  would  therefore 
take  the  cipher  thus,  0-33,  which  shows  the  meter  reader  that  he 
should  read  this  meter  before  going  to  the  original  number  33.  If 
the  meter  reader  finds  any  numbers  missing  in  his  route  file  he 
naturally  assumes  that  the  service  has  been  discontinued.  At  the 
end  of  the  day's  work  the  meter  reader  turns  his  finished  file  in 
to  the  bookkeeper,  who  distributes  it  in  alphabetical  order  for  his 
ledger,  making  all  deductions.  Should  there  be  any  great  dis- 
crepancies either  over  or  under,  these  slips  are  placed  with  the 
"not  at  homes"  and  other  slips  for  which  it  has  been  impossible 


to  get  readings,  for  various  reasons.  They  are  put  in  a  separate 
bunch,  and  after  the  regular  work  is  finished  are  again  placed  in 
route  form,  and  another  trial  is  made.    We  make  three  attempts 
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to  get  in  all  meter  readings,  and  if  it  happens  that  we  can  n(«  get 
a  reading  after  the  third  trial  "not  at  home"  is  simply  entered  on 
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the  meter  slip  in  place  of  the  reading  and  the  minimum  charge 
carried  to  the  ledger. 

We  have  found  this  manner  of  reading  meters  very  satisfac- 
tory; in  fact,  it  makes  it  possible  for  one  man  to  read  as  many 
meters  in  one  day  as  four  men  did  under  the  old  way;  and  it  is 
much  more  satisfactory,  as  we  all  agree  that  the  average  family 
takes  it  as  almost  an  open  insult  for  a  man  to  ring  the  door-bdl 
and  in  ever  so  pc4ite  a  manner  ask  to  "read  the  meter."  It  is  best 
to  send  as  few  men  out  on  this  work  as  possible.  Besides,  when 
these  meter  slips  are  properly  routed  in  the  office,  ready  for  the 
meter  reader  so  that  he  does  not  have  to  study  names  and  loca- 
tions and  where  he  is  going  to  end  his  day's  work,  we  find  the 
greater  portion  of  his  work  is  done ;  it  is  not  so  much  the  number 
of  meters  as  how  to  get  to  them. 

Each  route  is  made  up  of  a  portion  of  business  installations 
so  that  the  reader  can  begin  his  work  early  in  the  morning,  and 
by  the  time  he  gets  to  the  residence  portion  of  his  route  breakfast 
is  over  in  the  private  families,  and  they  are  in  a  measure  ready 
to  admit  the  "octopus"  representative,  as  they  term  it. 

We  have  also  insisted  that  the  electric-light  contractors  must 
arrange  the  meter  loops  so  that  it  will  not  be  necessary  to  carry 
a  step-ladder,  but  where  they  may  be  conveniently  read  from  the 
floor.  We  find  this  convenient  both  for  ourselves  and  for  our 
customers. 

We  find  that  where  the  consumers  are  taught  how  to  read 
their  own  meters,  and  where  the  meters  are  accessible,  so  that 
consumers  can  read  them  from  time  to  time,  we  do  not  have  com- 
plaints about  excessive  bills. 

E.  C.  Allen^  Albuquerque,  N.  M. 

A  12 
A  Method  of  Charging 

It  has  occurred  to  me  that  possibly  a  publication  of  our 
rate  sheet  may  prove  of  interest  to  some  of  the  members  of  our 
association. 

This  rate  sheet  is  issued  as  a  folder,  three  and  a  half  by 
six  inches  in  size. 

The  four  pages  are  as  follows: 
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Light 


EDISON 


Heat 


Power 


Edison  Electric  Illuminating  Co. 
Topeka,  Kansas 


722  Van  Brunt  St. 


Phone  369 


Page  i 


RATES 

For  Arc  and  Incandescent  Lighting 

Rates  per  z«ooo 
Watt  Houn 

With  Guaranteed  Earnings 

per  Month  per  i6-cp 

Lamp  Connected 

Equivalent  to  Approxi- 
mately Bumingr  Installation 
Hours  per  Day 

10  cents 
8  cents 
6  cents 
5  cents 

30  cents 
36  cents 
45  cents 
60  cents 

2  hours 

3  hours 
5  hours 
8  hours 

The  basis  of  figuring  the  installation  connected  is  as  follows : 

Each  6-cp  lamp  equals  as  watts.          Each  39-cp  lamp  equals                  xoo  watts. 
Each  lo-cp  lamp  equals  36  watts.          Each  as-cp  Mendian  lamp  equals  60  watts. 
Bach  i6-cp  lamp  equals  50  watts.          Each  50-cp  Meridiaa  lamp  equals  zao  watts.  . 
Bach  84-cp  lamp  equals  75  watts.           Each  standard  arc  lamp  equals     500  watts. 

The    total   watts    used   by    total    lamps    connected    divided    by    50 
waits  equals  the  i6-cp  lamps  connected. 

Page  2 
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EXAMPLE 


An  installation  consisting  of 

a  6<plamptA  95  wattt  equals      50  watts 
9z6-cp  so  450 


9  Arc 


»»      k« 


500 


1,000 


«»S«> 


ki 


50  =  30  z6-cp  lamps. 


The  above  installation  burning  3  hours  per  day   for  30  days 
would  consume  135,000  watt-hours,  at  8  cent  rate  equals  $10.80. 

A  guarantee  of  36  cents  per  i6-cp  lamp  per  month  equals  $10.80. 

Same  installation  burning  4  hours  per  day  for  30  days  would 
consume  180.000  watt-hours,  at  8  cent  rate  equals  $14.40. 
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PHILOSOPHIC    BITS 


Why  economize   with  light  any  more   than   with  cheerfulness? 
Neither  costs  as  much  in  the  long  run  as  gloom  and  irritability. 

An  electric  light  bears  the  same  relation  to  a  room  that  a  smile 
does  to  a  human  being. 

Using  electric  light  is  one  way   the   modern   merchant  has  of 
advertising. 

If  you  are  depressed,  touch  a  button  and  have  a  few  volts  of 
cheerfulness.     It  will  only  cost  a  few  cents. 

With  plenty   of  electric  lights  you  can  even   see  an  argument 
better. 

An  electric  light  is  one  expression  of  true  success. 


EDISON   CO. 


Page  4 


This  plan  of  charging,  or  rather  of  contracting,  has  proved 
especially  successful  in  Topeka  in  obtaining  long-hour  users 
as  customers.  C.  R.  Maunsell^  Topeka,  Kansas. 
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A  13 

Seoord  of  Transformer  Location 

We  have  a  very  satisfactory  way  of  keeping  a  record  of  our 
transformers,  as  to  their  location,  size  of  load  and  balancing  of  the 
load.  We  use  a  loose-leaf  book  with  pages  as  per  sample.  Each 
rectangle  represents  a  block,  which  can  be  designated  as  shown. 
All  our  secondaries  are  connected  in  the  same  way;  the  north  is 
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Page  from  Transformer  Record 


connected  to  the  east  and  the  south  to  the  west.  In  the  line  (loca- 
tion) we  place  a  cross  (X)  to  show  at  what  part  of  the  alley  the 
transformer  is.  The  next  line,  N.E.,  is  the  load  in  amperes  on  that 
side  of  the  system.  The  line  S.W.  is  the  load  in  amperes  on  the 
other  side  of  the  system.    Nt.  is  the  load  in  amperes  in  the  neutral. 
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The  line  load  is  the  total  load  in  kilowatts  on  the  transformer,  and 
the  line  size  is  for  the  size  of  the  transformer. 

G.  F.  WiLLARD  Denver,  Colo. 

B 

CONSUMERS'  INSTALLATIONS  AND  SERVICES 

B  1 
Locating  Oronnds  in  Buildings 

A  handy  device  for  locating  the  points  where  wires  are 
grounded  in  buildings  was  made  by  taking  a  U-shaped  yoke  of 
iron  and  winding  on  it  a  coil  of  very  fine  wire  and  connecting  this 
coil  to  a  telephone  receiver.  When  the  yoke  is  brought  in  prox- 
imity to  a  wire  carrying  a  current  a  buzzing  will  be  heard  in  the 
telephone  receiver,  and  grounds  within  the  walls  of  a  building 
can  be  located  when  carrying  a  current  by  moving  the  yoke  along 
the  wall.    The  method  of  locating  a  ground  is  as  follows : 

All  the  lights  are  turned  off  and  the  main  feed  tested;  if 
there  is  a  meter,  care  must  be  taken  to  get  beyond  the  meter,  as 
the  current  taken  by  the  potential  coil  is  sufficient  to  make  the 
receiver  buzz.  If  a  buzzing  is  heard  it  can  be  traced  to  one  of 
the  branches,  and  this  can  be  followed  along  the  walls  until  a 
point  is  reached  where  the  buzzing  ceases  or  is  diminished.  This 
is  the  point  where  the  current  is  leaving  the  conductor,  or  the 
grounded  point.  This  apparatus  works  on  both  alternating  and 
direct  currents,  but  better  on  the  former. 

J.  F.  DosTAL^  Denver,  Colo. 

B  2 

Using  60-Cp  Nemst  Lamps  on  a  Direct-Current  System 

When  the  Nernst  lamp  was  first  put  on  the  market  I  bought 
two  single-glower,  220-volt  lamps.  I  did  not  know  that  they  were 
made  for  alternating  current  only.  I  very  soon  found  that  the 
glowers  burned  off  the  second  or  third  time  the  current  was  turned 
on.  I  noticed  that  the  glower  always  broke  off  close  to  the  end 
where  it  was  cemented  to  the  platinum  wire.  As  an  experiment 
I  wrapped  the  platinum  wire  around  the  broken  end  of  the  glower, 
about  three  turns,  leaving  the  ball  of  cement  on  the  end  of  the 

W.— 3 
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platinum  wire,  taking  great  care  to  squeeze  this  ball  close  in  to 
the  glower,  to  take  the  greatest  part  of  the  heat  from  the  glower. 
After  splicing  the  glowers  in  this  way  I  have  succeeded  in  burn- 
ing lamps  of  this  type  on  direct  current  about  600  to  800  hours. 
The  scheme,  however,  is  not  a  commercial  success,  and  I  do  not 
advise  that  it  be  patented. 

E.  A.  AsPNES,  Montevideo,  Minn. 

B  3 

picker  Interrapter 

A  device,  which  may  be  called  a  '^flicker  interrupter,"  is  pro- 
posed for  use  in  connection  with  the  demand  system  of  charging, 
where  it  is  impracticable  or  undesirable  to  install  a  demand  meter. 
The  instrument  serves  to  interrupt  the  customer's  service  when 
the  proper  demand  is  exceeded. 

This  device  is  simply  an  electro-magnetic  solenoid  with  a  core 
which  is  extended  downwards  to  form  a  plunger.  This  plunger 
enters  into  a  steel  cup  containing  mercury.  The  instrument  is 
connected  to  one  side  of  the  customer's  wiring  at  the  service,  one 
connection  being  made  to  the  steel  cup  and  the  other  (flexible) 
to  the  plunger. 

When  the  customer's  demand  is  normal,  the  plunger  remains 
in  the  mercury,  and  the  circuit  is  unbroken.  If,  however,  the 
demand  goes  above  the  amount  for  which  the  instrument  is  set, 
the  plunger  vibrates  in  and  out  cf  the  mercury,  causing  continuous 
interruption  of  the  circuit.  These  interruptions  will  continue 
until  the  excess  demand  is  cut  out  of  the  circuit. 

Leonard  L.  Elden,  E.  E.  P.  Co.,  Boston,  Mass. 

B  4 
New  Pendant  Switch  Device  For  Any  Kind  of  Electric  Light 

The  pendant  switch  has  a  definite  field  of  usefulness  m  both 
arc  and  incandescent  lighting.  It  has  heretofore  been  applied  to 
incandescent  lighting  almost  exclusively,  owing  to  the  inspection 
rules,  which  do  not  permit  the  use  of  a  single-pole  switch  on  arc 
lamps. 

The  pendant  switch  is,  however,  capable  of  as  broad  applica- 
tion to  arc  as  to  incandescent  lighting  when  the  device  herewith 


35 

illustrated  is  used.  A  standard  doubte-pole,  lo-ampere  snap 
switch  is  fitted  with  a  nickel-plated  canopy,  which  serves  to  admit 
the  wires  to  the  switch  and  supports  it  by  a  knot  made  in  the  cord 
inside  the  canopy.  The  four  conductors  forming  the  double-pole 
switch  loop  are  neatly  brought  together  under  one  braid,  the  whole 


presenting  a  very  neat  appearance.    The  cord  is  suspended  from 
the  ceiling  on  any  of  the  usual  forms  of  ceiling  block. 

In  wholesale  establishments  and  stores  where  it  is  imprac- 
ticable to  locate  the  switch  near  the  arc  lamp,  it  has  heretofore 
been  necessary  to  place  all  the  svvitches  in  the  cut-out  cabinet  at 


36  i 

one  end  of  the  room.  This  makes  it  necessary  for  the  salesman 
showing  goods  on  a  floor  to  go  to  the  end  of  the  room  and  switch 
on  all  the  lamps  which  he  will  require  in  showing  his  customers 
the  goods. 

By  the  use  of  a  double-pole  pendant  switch  attached  to  each 
lamp  he  is  able  to  show  his  goods  effectively  by  turning  the  lamps 
on  in  each  section  as  he  comes  to  it,  turning  them  off  as  he  leaves 
the  section. 

Thus  it  becomes  possiWe  for  many  large  establishments  who 
have  not  felt  able  to  pay  the  cost  of  electric  lighting  heretofore, 
to  use  the  superior  light  of  the  arc  lamp  for  showing  all  goods 
which  do  not  appear  to  advantage  under  other  light. 

The  device  is  also  made  for  use  with  a  single-pole  switch, 
and  in  this  form  is  adaptable  to  all  uses  to  which  pendant  switches 
have  been  put  heretofore. 

The  double-pole  type  may  also  be  used  on  large  incandescent 
clusters  or  fixtures,  the  single-pole  type  not  being  approved  in 
Chicago  for  more  than  six  i6-candle-power  lamps. 

The  expense  of  installing  the  pendant  switch  is  much  less 
than  that  of  wiring  to  a  position  on  the  wall,  in  most  cases.  With 
the  type  of  switch  here  shown  the  cost  of  the  canopy  is  but  a 
fraction  of  the  cost  of  the  standard  snap  switch.  The  canopies 
made  to  fit  the  Hart  switches  are  on  sale  in  the  supply  department 
of  the  Chicago  Edison  Company. — Copied  from  Electric  City, 
March,  1905. 

C.  H.  Stewart^  Chicago  Edison  Company. 

B  5 

Use  of  Alternating  Current  For  Church  Organ 

Because  of  the  unsatisfactory  operation  of  a  small  motor- 
generator  set,  furnishing  direct  current  at  about  10  volts  for  oper- 
ating the  magnets  on  a  large  pipe  organ,  the  Denver  Gas  and 
Electric  Company  installed  an  ordinary  600-watt  transformer, 
which  is  working  with  perfect  success.  This  transformer  is  the 
regular  type  H  General  Electric  2000-ioo-volt  box  taken  from 
the  company's  lines.  Its  primaries  are  connected  across  220  volts, 
giving  ii-volt  secondaries,  ftirnishing  current  for  200  magnets 
controlling  2400  pipes. 
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Contrary  to  all  expectation,  there  is  no  objectionable  chat- 
tering of  the  magnets,  and  the  church  people  are  very  much 
pleased  with  the  entire  scheme. 

C.  F.  Haywood^  Denver,  Colo. 

B  6 
Doubling  the  Efficiency  of  a  Steam  Badiator 

ALSO  OF  AN  EFFICIENT  FURNACE  REGISTER 

There  are  a  good  many  rooms  in  Chicago  apartments  where 
the  radiator  is  either  too  small  or  the  steam  pressure  too  low  to 
maintain  a  comfortable  temperature  in  severe  weather.  If  the 
tenant  is  enjoying  the  many  advantages  afforded  by  central-station 
electric  lighting  service,  the  matter  can  easily  be  remedied. 


Take  the  fan  that  kept  you  cool  all  summer,  and  set  it  where 
it  can  blow  against  a  large  part  of  the  radiator's  surface.  Turn 
it  on  at  low  speed,  or  at  high  speed  if  necessary,  and  your  cold 
room  will  soon  be  thoroughly  warmed. 

The  philosophy  of  the  thing  is  that  steam  at  a  low  pressure 
carries  much  less  latent  heat  than  steam  at  a  high  pressure,  and 
therefore  warms  the  radiator  so  poorly  that  only  a  slight  draft 
of  air  rises  around  the  pipes,  and  condensation  is  slow. 

With  the  fan  in  operation  there  is  a  forced  draft  against 
the  radiator  that  conducts  a  great  deal  more  heat  away  from  the 
iron,  cooling  it  so  that  much  more  condensation  of  steam  occurs 
inside  it.  The  heat  thus  snatched  from  the  reluctant  radiator  is 
held  in  the  circulating  atmosphere  of  the  room,  which  is  soon 
changed  from  cold  to  warm  at  a  trifling  cost  for  electric  energy. 
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The  condensation  of  the  steam  makes  room  for  more  steam 
to  flow  in,  and  the  net  result  is  the  same  as  if  the  pressure  was 
much  higher. 

^'boosting'^  the  furnace 

Where  a  hot-air  pipe  from  a  furnace  pursues  a  devious  course 
to  an  upper  chamber,  there  is  often  difficulty  in  securing  enough 
heat  at  the  register.  This  can  also  be  remedied  with  the  aid  of  an 
electric  fan. 

The  way  to  do  with  a  floor  register  is  to  construct  a  covering 
for  it  out  of  a  box,  so  that  the  fan  can  be  set  in  one  side  of  the 
box,  blowing  outward  and  away  from  the  register.  A  cardboard 
cover  can  be  fitted  around  the  fan  to  make  it  thoroughly  effective, 
so  that  its  supply  of  air  comes  necessarily  from  the  register.  A 
few  minutes'  use  of  this  device  will  make  a  cold  room  comfortable. 
Where  the  register  is  set  in  the  wall,  the  box  and  fan  must  be 
supported  in  front  of  it  in  some  way. — Copied  from  Electric  City, 
December,  1904.  C.  H.  Stewart. 

B  7 

A  Substitute  for  a  Time  Switch  on  Flat-Bate  Sig^s 

In  Denver  we  have  many  flat-rate  signs  that  burn  from  dusk 
till  midnight.  Where  our  twelve  o'clock  arc  circuits  run  in  close 
proximity  to  the  signs,  a  solenoid  switch  has  been  connected  in 
series  in  the  arc  circuit,  so  that  the  sign  is  controlled  by  the  arc 
circuit.  This  same  scheme  can  be  used  for  operating  multiple 
street  lamps.  J.  F.  Dostal,  Denver,  Colo. 

B  8 

A  Handy  Cliandelier 

The  following  description  shows  a  handy  arrangement  for 
an  electric  chandelier  in  a  library  where  a  portable  electric  table 
lamp  is  used  by  connecting  it  to  one  of  the  chandelier  sockets. 

As  most  chandeliers  are  operated  by  a  wall  switch,  all  lamps 
in  the  chandelier  are  either  turned  on  or  off  at  the  same  time,  and 
as  a  portable  table  lamp  is  often  used  when  the  rest  of  the  lamps 
are  not,  it  becomes  necessary  to  turn  off,  one  at  a  time,  the  other 
lamps  when  the  table  lamp  is  used  alone. 
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By  running  an  extra  feeder  wire  to  the  chandelier,  and  a 
third  wire  through  the  chandelier  to  the  socket  from  which  the 
portable  lamp  is  to  be  connected,  the  chandelier  lamps  and  the 
portable  lamp  may  be  operated  entirely  independent  of  each  other. 

The  following  diagram  will  serve  to  illustrate  the  method  of 
wiring : 
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Care  must  be  taken  to  get  the  portable  lamp  socket  connected 
to  wires  B  and  C  and  not  to  A  and  C, 

E.  A.  Taylor,  Denver,  Colo. 


B  9 

Method  of  Installing  Bell  and  Push  Button  on  Old  System 

Several  months  ago  I  was  called  to  our  leading  hotel  to  install 
a  bell  and  push  button  between  two  rooms.  The  party  was  con- 
fined to  his  bed,  and  wished  to  call  his  nurse  in  the  other  room. 

The  hotel  was  wired  on  the  return  call  system;  we  had  no 
bells  or  batteries  in  stock,  and  the  job  was  urgent.  After  looking 
over  the  layout  I  opened  the  bell  connection  on  one  side,  connected 
lamp  cord  in  series  with  bell,  inserted  push  button  in  other  end 
of  lamp  cord,  which  I  made  long  enough  to  reach  to  patient's 
bedside.  I  then  had  bell  and  push  in  series.  To  get  the  battery 
I  short-circuited  push  button  at  office  annunciator,  three  floors 
below.    It  worked  all  right. 

Fred  B.  Sharpe,  Liberty,  N.  Y. 


LINES,  TRANSFORMERS,  SWITCHES,  REGULATION, 
SYNCHRONOUS  MOTORS,  ETC. 

0  1 

Ketliod  of  Protectii^  Separate  System*  of  Wiring  When  Oroniag 
Each  Other  Withoat  the  TTae  of  Onard  Wires 
In  many  cases  where  high-tension  lines  cross  over  telephone 
and  other  signal  wires,  it  has  been  necessary  heretofore  to  erect 


Fig.  I— Lcnis  Cahbving  Protbcting  Device 

an  expensive  system  of  guard  wires.  It  has  been  found  tliat  the 
expense  of  this  construction  can  be  dispensed  with,  by  the  use  of 
a  device  that  automatically  disconnects  the-,wire  at  a  point  about 
two  feet  out  from  the  cross-arm,  so  that  the  piece  which  falls 
across  the  signal  wires  is  dead,  and  can  therefore  cause  no  harm. 
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This  device  consists  of  a  hook,  so  arranged  in  the  lines  that 
when  the  tension  on  the  span  is  released  the  spring  disengages 
the  hook  immediately,  before  the  high-tension  wire  has  had  time 
to  fall  across  the  telephone  line. 

This  hook  is  placed  inside  of  a  hood,  which  protects  it  from 
sleet  or  ice  that  otherwise  might  prevent  its  action. 


Fig.  2 — Detail  of  Protecting  Device 


The  device  is  also  of  such  a  nature  that  it  can  be  used  by 
telephone  companies  in  places  where  their  wires  are  above  the 
high-tension  wires. 

H.  B.  Gear,  Chicago,  111. 
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C  2 

Feeder  and  Branch  Switch  on  Primary 

Feeder  and  branch  switches  on  the  primaries  out  on  the  pole 
lines  may  be  so  arranged  that  any  district  can  be  cut  off  without 
pulling  the  feeder  at  the  station. 

As  an  illustration :  When  linemen  are  working  on  the  lines, 
transformers  or  lightning  arresters  in  any  particular  district,  they 
have  positive  orders  not  to  work  on  2000-volt  lines  with  the  cur- 
rent on.  This  is  also  the  rule  when  cutting  transformers  in  or 
out.  For  locating  trouble  on  high-tension  systems  these  switches 
are  invaluable. 

The  style  of  switch  that  we  use  is  the  tube  switch,  made  by 
the  General  Electric  Company,  which  was  designed  for  this  pur- 
pose. 

H.  J.  GiLLE^  St.  Paul,  Minn. 

C3 

Balancing  a  Circuit  by  Grounding  the  Neutral 

We  have  on  our  direct-current,  220  to  440-volt,  three-wire 
system,  a  75-hp  220-volt  motor,  which  runs  from  midnight  until 
6  o'clock  a.  m.  This  greatly  unbalances  the  load,  and  as  the  motor 
is  a  mile  and  a  half  from  the  station  the  drop  in  the  neutral  was 
at  first  considerable.  By  means  of  switches  at  each  end,  the  neu- 
tral is  now  grounded  while  the  motor  is  running,  the  other  wire 
being  of  sufficient  cross  section  to  carry  the  current.  This  has 
completely  overcome  the  difficulty,  and  no  more  trouble  has  been 
experienced. 

H.  S.  Russell,  Denver,  Colo. 

C  4 

An  Automatic  Switch  for  Controlling  Constant-Potential  Lights 
From  a  Constant-Current  or  Street-Lighting  Circuit 

This  consists  of  a  pair  of  arc-lamp  magnets  with  suitable  con- 
tacts, mounted  on  a  wooden  frame  and  placed  in  an  old  looo-watt 
transformer  case. 

The  illustration  Figure  i  shows  switch  used  to  control  eigh- 
teen 25-cp  incandescent  street  lamps  from  a  7.5-ampere  series  arc 
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circuit.  The  nearest  series  incandescent  circuit  was  three  and  a 
half  miles  away,  and  it  would  not  pay  to  extend  the  line  for 
eighteen  lamps. 

They  were  at  first  turned  on  and  off  by  hand,  but  after  being 
out  all  night  and  burning  all  day  a  few  times  this  method  was 
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Diagram 


found  unsatisfactory,  and  the  automatic  switch  was  designed  to 
start  and  stop  the  lights  when  the  arc  lamps  were  put  on  or 
taken  off. 

J.  T.  Cowling,  Mt.  Vernon,  N.  Y. 
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C5 

An  Antomatic  Traiuf  ormer  Cnt-Ont 

The  accompanying  cut  shows  outline  of  switch  construction. 

The  same  switch  is  used  to  control  arc  lamps  from  a  1.75- 
ampere  series  incandescent  street-lighting  circuit. 

The  coils  are  wound  with  220  turns  of  No.  12  wire,  when 
operated  on  6.6-ampere  series  alternating  circuit,  with  180  turns 


Switch  Construction 

of  No.  12  wire  when  operated  on  7.5-ampere  series  circuit,  and  625 
turns  of  No.  16  wire  when  operated  on  1.75  ampere  series  circuit. 
This  switch  will  enable  a  lighting  company  to  pick  up  incan- 
descent and  arc  lights  where  it  would  not  be  possible  if  they  were 
to  be  controlled  by  hand  or  time  switches. 

J.  T.  Cowling,  Mt.  Vernon,  N.  Y. 

C  6 

Protecting  Apparatus  From  Water  in  Case  of  Fire 

The  installation  of  substations  in  the  basements  of  commer- 
cial buildings  that  are  not  classed  as  fireproof  buildings  makes 


45 

it  imperative  that  some  protection  be  given  the  apparatus  installed 
against  flooding  by  water  in  case  of  fire. 

In  a  substation  recently  installed  under  such  conditions  a 
1 2-inch  pipe  was  installed  in  the  floor  and  connected  with  the 
service.  It  is  supplied  with  a  valve  for  normally  keeping  the  pipe 
closed,  but  which  is  to  be  opened  by  the  operator  in  case  of  fire, 
and  as  the  apparatus  is  on  foundations  raised  above  the  floor 
level,  with  a  water-tight  floor  overhead,  little  if  any  flooding  will 
be  possible  that  this  pipe  will  not  care  for. 

Edison  Electric  Illuminating  Company^  Boston,  Mass. 

C7 

Method  of  Connecting  Transformers  to  Work  on  Either  1150  or 

2300-Volt  Primary  Lines 

We  recently  changed  our  system  from  1150  to  2300  volts. 
The  old  generators  were  of  just  sufficient  capacity  to  operate  our 
peak  load  comfortably.  When  we  completed  the  installation  of 
our  new  400-kw,  2300-volt  generators  it  was  necessary  to  run 
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Fig.  I — Step-Down — Step-Up 


both  1150-volt  and  2300-volt  machines,  and  a  portion  of  our  trans- 
formers had,  of  course,  to  be  changed  over  to  this  higher  voltage ; 
we  were  therefore  obliged  to  run  two  large  units,  one  generator 
of  1 1 50  and  one  of  2300  volts.  To  obviate  this  we  arranged  two 
transformers,  as  per  accompanying  sketch,  which  allowed  us  to 
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operate  the  1150  circuits  from  2300  'buses  or  vice  versa.  This 
arrangement  was  all  right,  but  the  available  transformers  were  too 
small  even  for  our  minute  day  load. 

We  then  connected  our  transformers  in  the  manner  described 
in  the  diagram  under  the  second  method.    The  primary  full-load 
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FiG.  2 — Primaries  in  Series 

current  of  a  lo-kw,  11 50 volt  transformer  is  8.7  amperes.  The 
two  1 1 50- volt  transformers  in  series  therefore  give  us  8.7  amperes 
at  2300  volts,  or  20  kilowatts  at  full  load.  We  sometimes  run 
as  high  as  35  amperes  on  these  transformers,  and  the  same  are 
doing  duty  on  the  line  to-day. 

H.  J.  Meyer,  Shreveport,  La. 


C  8 

A  Scheme  For  Operating  1100- Volt  Series  Incandescent  Circuit 

From  a  2200- Volt  Circuit 

Upon  changing  the  primary  voltage  from  1 100  to  2200  volts, 
the  question  came  up  of  what  to  do  with  the  series  incandescent 
street  circuits  in  one  of  the  suburbs  of  Denver.  To  change  these 
circuits  to  2200  volts  would  entail  considerable  expense  and  time. 
It  was  overcome  as  follows : 

A  tap  was  brought  out  from  the  middle  point  of  the  primary 
coil  of  a  4-kw,  1 100-2200- volt,  shell-type  transformer;  the  street 
circuits  were  connected  between  this  neutral  and  the  outsides,  and 
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balanced  as  nearly  as  possible.  The  2200-volt  feed  was  connected 
10  the  two  outsides.  The  voltage  was  found  to  be  a  little  low  on 
one  side,  so  the  circuits  on  this  side  were  connected  in  series  with 
the  secondaries  of  the  same  transformer,  and  the  voltage  thus 
boosted.  The  balancing  set,  as  it  might  be  called,  has  been  in 
operation  for  two  years  and  has  never  given  a  particle  of  trouble. 

J.  F.  DosTAL^  Denver,  Colo. 

C  9 

Three- Wire  Underground  Services 

In  making  three-wire  underground  connections  to  building^, 
either  from  pole  line  or  underground  conduit,  run  duplex  rubber- 
covered,  lead-cased  wire,  for  the  outside  wires,  and  bare  copper 
wire,  either  stranded  or  solid,  depending  upon  the  size,  for  the 
neutral ;  all  to  be  run  in  wrought-iron  pipe,  either  red-leaded  or 
asphalted  inside  and  out.  Tliis  makes  a  cheaper  service  connec- 
tion than  if  the  three  wires  were  all  insulated,  and  also  helps 
to  ground  the  neutral  better  than  is  apt  to  be  the  case  where  the 
only  secondary  grounding  done  is  by  digging  a  hole  at  the  foot 
of  the  pole,  where  the  soil  may  or  may  not  be  damp  at  all  times. 

P.  C.  Brown,  Brookline,  Mass. 

C  10 

Transmission  Line 

During  the  past  year  we  contracted  to  furnish  a  large  amount 
of  power  to  a  dredging  company  situated  about  eleven  miles  from 
our  station.  This  power  was  transmitted  at  11,000  volts,  three- 
phase,  60  cycles,  and  stei>ped-down  to  370  volts  and  fed  directly 
to  a  synchronous  converter. 

As  the  dredges  were  to  be  moved  about  considerably,  we 
built  a  small  wooden  transformer  house  of  sufficient  size  to  hold 
three  50-kw  transformers  and  lightning  arresters.  This  house 
was  mounted  on  a  wooden  sledge,  and  by  means  of  a  team  of 
horses  can  be  easily  moved  about.  In  order  to  allow  the  dredge 
considerable  travel  without  necessitating  the  moving  of  the  trans- 
formers, the  secondary  leads  were  brought  out  of  one  end  of  the 
transformer  house  in  the  shape  of  a  single  triple-conductor, 
rubber-insulated  flexible  cable.    This  cable  lies  on  the  ground,  and 
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often  lies  partially  submerged  in  water.  In  order  to  better  protect 
the  cable,  an  ordinary  fire  hose  of  extra  quality  was  slung  on  over 
the  cable.  This  arrangement  has  now  been  in  operation  for  about 
eight  months,  and  thus  far  it  has  given  perfect  satisfaction. 

C.  W.  Humphrey,  Denver,  Colo. 

C  11 

Home-Hade  Oil  Switches 

A  short  time  ago  it  became  necessary  for  us  to  have  some 
oil  switches  on  short  notice.  We  had  some  old  air-brake  feeder 
switches,  so  we  made  some  tin  boxes,  filled  them  with  oil  and  put 
the  old  switches  in  the  oil — the  switches  being  placed  in  a  hori- 
zontal position  with  handles  at  right  angles — ^and  led  the  high- 
tension  wires  in  through  porcelain  tubes.  This  scheme  was  very 
satisfactory. 

G.  F.  WiLLARD  Denver,  Colo. 

C  12 

A  Scheme  to  Bring  Up  Potential  for  Alternating-Current  Series 

Arc  Circuits 

The  tub  transformer  broke  down,  but  we  had  six  old  trans- 
formers, so  we  connected  the  primaries  of  three  of  them  in  paral- 
lel across  the  mains,  and  the  secondary  of  each  was  connected  to 
the  secondary  of  one  of  the  other  three,  and  the  primaries  of  the 
last  series  were  all  connected  in  series  to  the  arc  circuit. 

G.  F.  WiLLARD^  Denver,  Colo. 

C  13 

Splitting  Secondary  Network  Into  Sections 

About  a  year  and  a  half  ago  we  had  considerable  trouble  with 
our  secondaries,  which  are  all  connected  in  a  multiple  network.  If 
a  primary  fuse  blew  out  it  greatly  overloaded  the  other  trans- 
formers and  burned  out  a  number.  We  very  successfully  over- 
came this  by  making  use  of  a  lot  of  old  break  arms;  we  dead- 
ended  the  secondary  to  each  side  of  the  break  arm  and  completed 
the  circuit  by  placing  a  No.  I2  or  No.  14  copper  wire  across  the 
arm. 

G.  F.  WiLLARD,  Denver,  Colo. 
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C  14 

A  Simple  Eemedy  for  Preventing  the  Damper  Segnlator  from 
Working  from  Extreme  Open  to  Closed  Position 

This  consists  of  a  small  plate  X,  about  seven  inches  in  diame- 
ter, damped  on  end  of  weight  beam  K;  two  pulleys,  S  and  R, 
placed  respectively  above  the  plate  X  and  the  other  close  to  the 
damper-chain  H,  The  small  chain  G  to  run  from  top  of  weight  F 
over  R  and  S  to  chain  J,  which  consists  of  about  i8  inches  of  chain 
made  of  0.75-inch  iron. 


— X 


Diagram  of  Construction 


When  pressure  increases  on  boilers  and  raises  lever  K,  also 
weight  F,  chain  G  feeds  over  the  sheaves  R  and  S,  landing  chain 
/  from  plate  X  little  by  little  as  the  position  of  weight  F  is  changed, 
thereby  increasing  the  effect  of  weight  M  as  damper  closes,  which 
will  cause  the  damper  to  stop  at  several  intervening  points  be- 
tween wide-open  and  closed  positions,  with  a  variation  in  pressure 
that  will  not  be  noticeable  on  the  steam  gauge.  As  the  steam 
pressure  falls  on  the  boilers  and  weight  F  descends,  chain  /  will 

W.— 4 
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be  lifted  from  plate  X,  stopping  the  motion  of  the  damper  regu- 
lator at  several  points  between  the  open  and  closed  positions  of 
damper. 

This  permits  the  regulator  to  hold  the  damper  partly  closed 
at  all  times  when  the  boilers  are  not  pulling  at  their  maximum 
capacity,  and  thereby  regulates  the  draft  to  the  exact  amount  re- 
quired. 

Edison  Electric  Illuminating  Company,  West  Chester,  Pa. 

C  15 

One  Tirrell  Eegulator  Operated  Independently  on  Synchronons 

Motor  and  Alternating-Current  Generator,  Eaoh 

Machine  Having  Its  Own  Exciter 

This  is  done  by  double-throw  switches  as  per  diagram. 
The  conditions  that  gave  rise  to  this  scheme  were  as  follows: 
This  company  has  two  electric  producing  stations  about  one 
mile  apart,  one,  however,  being  many  times  the  larger.    They 


Diagram 


are  connected  by  one  3-phase,  2400-volt  auxiliary.  Three-wire 
440-220-volt  direct  current  is  supplied  for  power  by  engine- 
driven  direct-current  generators  at  the  larger  station  and  syn- 
chronous motor-driven  generators  at  the  smaller.  This  power  load 
is,  of  course,  heaviest  in  daylight,  and  a  portion  of  it  is  carried 
by  the  synchronous  motor  all  through  daylight. 
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Incandescent  feeders  are  carried  on  the  same  auxiliary  as 
the  synchronous  motor,  and  it  is  the  purpose  of  the  Tirrell  regu- 
lator to  take  care  of  the  voltages  on  these  feeders. 

The  sjmchronous-motor  set  is  shut  down  in  the  afternoon  or 
early  evening,  and  then  the  regulator  is  used  on  the  alternating- 
current  generators  with  no  adjustment  at  all. 

C.  F.  Haywood^  Denver,  Colo. 

C  16 

A  Three-Phase  Booster 

A  three-phase  transmission  line  is  fed  from  central-station  Tjus- 
bars  through  raising  transformers.  It  was  found  desirable  to 
raise  the  pressure  a  few  per  cent  above  that  g^ven  by  the  raising 
transformers.  This  is  accomplished  by  means  of  three  single- 
phase  transformers,  with  primaries  wound  for  the  'bus-bar  press- 
ure and  a  lowering  ratio  such  that  the  secondary  pressure  gives 
the  desired  boost.  This  ratio  being  lo  to  i,  a  lo  per  cent  boost 
is  obtained  by  connecting  the  primaries  star  fashion,  the  sec- 
ondaries being  in  series  with  the  respective  legs  of  the  circuit. 
With  the  primaries  connected  delta  fashion,  no  change  being  made 
in  the  secondary  connections,  the  boost  is  about  15  per  cent. 

The  primaries  should  not  be  switched  in  an  ordinary  manner 
from  one  arrangement  to  the  other  while  the  circuit  is  loaded, 
since  the  large  current  flowing  in  the  secondary,  with  an  open 
primary,  produces  dangerously  high  pressures  in  the  primary 
coils. 

If  it  is  desired  to  change  the  percentage  of  boost  with  varia- 
tions in  load,  this  may  be  accomplished  by  means  of  a  special 
switching  device  which  will  short-circuit  the  secondaries  imme- 
diately upon  opening  the  primaries,  and  which  places  the  sec- 
ondaries again  in  circuit  immediately  before  closing  the  primaries 
in  the  other  way. 

With  transformers  of  the  three-wire  type  and  some  auxiliary 
switches  it  is  possible  to  obtain  four  different  percentages  of 
boost,  as  5,  7.5,  10  and  15  per  cent. 

J.  M.  Weed^  Denver,  Colo. 
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C  17 

Booster  Transformer 

We  have  used  a  transformer  for  a  booster  as  per  drawing  at- 
tached, and  while  to  many  it  is  not  new,  yet  it  is  so  to  some  central 
stations.     The  transformer  must  be  large  enough  to  carry  the 

.  2000  Voir  line   - 


Diagram  of  Connections 


main  line  current  in  section  coils.     We  wanted  a  five  per  cent  boost 
on  a  line  temporarily  and  found  this  one  way  to  obtain  the  results. 

H.  E.  Ryder. 


C  18 

Taking   Three-Phase  Power  from   Two   Single-Phase   Lighting 

Feeders 

The  accompanying  diagram  shows  a  scheme  for  taking  three- 
phase  power  from  two  single-phase  lighting  feeders  when  these 
feeders  are  tapped,  as  shown,  on  all  three  *bus-bars  by  simply  run- 
ning one  extra  wire  to  the  point  where  the  motor  is  located. 

You  will  note  that  the  three-phase  power  is  recorded  by  two 
single-phase  watt-meters,  at  the  same  time  taking  care  of  the 
single-phase  lighting  load,  whatever  it  may  be.  The  potential, 
current  and  static  transformers  are  purposely  left  out  of  the  dia- 
gram, to  avoid  complication,  our  'bus-bars  being  2300-volt,  three- 
phase.  We  have  C.  R.  voltage  regulators  in  each  single-phase 
circuit,  and  can  therefore  keep  the  lighting  voltage  anywhere  we 
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want  it.    We  use  this  scheme  on  one  single-phase  lighting  feeder 
that  runs  two  miles  to  the  outskirts  of  town,  along  which  are 


3       t-l'lnlFh  P0t^r 
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Diagram  of  Connections 


many  lighting  consumers.    We  simply  run  one  extra  wire,  tapping 
it  off  the  cwrr^«/-meter  side  of  the  other  single-phase  feeder. 

Austin  Burt,  Waterloo,  la. 


C  19 

Testing  for  and  Locating  Breaks  in  Series  Arc  Circuits 

A  customary  way  of  locating  a  break  in  a  direct-current 
series  arc  circuit  is  to  ground  one  terminal  of  the  arc  generator 
and  connect  the  other  to  one  side  of  the  external  circuit.  A  line- 
man then  "flashes"  from  various  points  in  the  circuit  to  ground 
until  the  break  is  found.  There  are  three  prominent  disadvan- 
tages to  this  method:    (i)  The  lineman  is  subjected  to  danger 
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of  shock  from  a  high-voltage  current;  (2)  if  the  circuit  is  discov- 
ered open  before  starting  time  it  is  necessary  to  start  up  an  arc 
generator  simjJy  for  testing  purposes;  (3)  this  high  vdtage  im- 
pressed on  the  line  ahead  of  the  regular  starting  time  is  apt  to 
interfere  with  or  result  in  injury  to  the  company's  or  other  line- 
men. The  same  objections,  together  with  others  more  important, 
apply  to  the  use  of  a  constant-current  transformer  in  this  way. 

The  500-volt  method  here  illustrated  is  simple,  safe  and  flex- 
ible, and  has  proved  to  be  very  efficient  in  testing  the  circuits  at 
all  times  and  in  locating  breaks  and  grounds. 

A — 500-volt  railway  feeder. 

B — Bank  of  five  or  six  i6-cp,  iio-volt  lamps  oxmected  in 
series. 

C — Fuse. 

D — S.  P.  knife  switch. 


A-  soowoLT  fty.  rtotm. 


E — Plug  attached  to  flexible  cable  connecting  with  last 
lamp  of  B. 

F — Station  switches  in  arc  circuit. 

G,  H,  K,  L,  M,  O — External  series  arc  circuit. 

To  Test  for  Open  Circuit :  Open  switches  F,  connect  0  to 
ground  and  touch  E  to  G.  Lamps  B  will  light  up  if  circuit  is 
closed. 

Buffalo  &  Niagara  Falls  Electric  Light  &  Power  Co., 

Niagara  Falls,  N.  Y. 


C  20 

To  Find  a  Break  in  Circuit 

Open  switches  F,  but  do  not  ground  0,  and  connect  E  to 
G.  Lower  a  lamp  at,  say,  //,  hook  one  end  of  an  insulated  cable 
to  its  binding  post,  and  touch  other  end  of  cable  to  fire  hydrant. 
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sewer-catch  basin  or  other  ground.  If  there  is  a  spark  from 
cable  to  ground  the  circuit  must  be  intact  from  H  to  G.  Per- 
form similar  operations  at  successive  test  points,  and  retrace 
steps  on  first  failure  to  get  a  spark,  as  the  break  will  be  between 
this  test  point  and  the  one  preceding. 

Buffalo  &  Niagara  Falls  Electric  Light  &  Power  Co., 

Niagara  Falls,  N.  Y. 

C  21 
To  Locate  a  Ground  on  the  Circnit 

Open  switches  F  and  connect  E  to  G.  If  there  is  a  ground 
on  the  line  lamps  B  will  light  up  and  remain  so  until  line  is  cleared. 
Current  is  flowing  in  that  part  of  the  arc  circuit  from  G  to  the 
location  of  the  undesirable  ground;  therefore  lower  a  lamp  at 
test  point,  remove  the  line  conductor  from  its  binding  post  and 
lightly  touch  it  to  post.  A  spark  indicates  that  the  point  of 
ground  is  ahead,  and  the  wire  should  therefore  be  replaced  and 
the  same  operation  gone  through  with  at  the  next  test  point,  and 
so  on  until  no  spark  shows  the  point  of  ground  to  be  between  the 
last  two  test  points. 

This  method  is  somewhat  similar  to  that  reported  by  the 
Old  Colony  Street  Railway  Company  in  the  Wrinkles  of  1904. 
but  has  the  advantage  of  a  simpler  outfit  for  the  lineman,  avail- 
ability for  locating  grounds,  and  absolutely  no  danger  of  short- 
circuiting  any  apparatus. 

Buffalo  &  Niagara  Falls  Electric  Light  &  Power  Co. 

Niagara  Falls,  N.  Y. 

C  22 
Localization  of  Faults  in  Low-Besistance  Cables 

For  the  purpose  of  locating  faults  on  cables  of  compara- 
tively large  carrying  capacity,  and  consequently  of  low  resistance, 
the  Wheatstone  bridge,  when  used  for  locating  faults  by  Varley 
and  Murray  loop  methods,  is  impracticable  for  several  reasons. 

An  ordinary  bridge  or  testing  set  especially  adapted  for 
locating  faults  by  means  of  the  Varley-Murray  loop  methods  is 
accurate  only  when  the  cables  under  test  are  of  comparatively 
high  resistance,  such  as  the  telegraph  or  telephone  cable.    When 
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used  for  cables  of  low  resistance,  as,  for  instance,  a  250,000-00 
transmission  line,  the  limitations  of  such  an  apparatus  are  very 
great,  and  the  accuracy  with  which  the  fault  can  be  localized  is 
very  low.  Also,  the  calculations  involved,  while  not  complex, 
necessitate  a  considerable  amount  of  figuring. 

While  it  is  a  fact  that  the  greater  number  of  faults  in  imder- 
ground  cables  occur  in  the  manholes  of  the  transmission  lines,  it 
IS  nevertheless  desirable  to  locate  the  fault  with  the  greatest  pos- 
sible accuracy.  The  readiness  and  ease  with  which  such  a  test 
can  be  made  is  quite  important  when  considered  from  the  stand- 
point of  economy  in  line  maintenance. 

The  location  of  the  ground  or  cross  on  a  cable  can  be  very 
easily  accomplished  by  the  following  method,  which  utilizes  a 
slide  wire  bridge  for  testing  by  means  of  the  Murray  loop. 


Diagram  of  Connections 


A  slide  wire  bridge  having  a  bridge  or  slide  wire  of  very 
low  resistance  (say  .5  ohm)  and  which  has  a  scale  divided  into  a 
given  number  of  parts  is  connected  as  follows : 

A  cable  on  which  the  ground  is  located  is  connected  to  one 
end  of  the  slide  wire  and  a  perfect  cable  of  known  length  is  con- 
nected to  the  other  end.  The  distant  ends  of  the  cable  are  con- 
nected together  by  a  jumper  or  clamp  of  negligible  resistance.  A 
milli-voltmeter  having  its  zero  in  the  middle  of  the  scale  or  a 
very  low-resistance  galvanometer  is  connected  across  the  slide 
wire  as  shown  at  G  and  C.  The  contact-maker  on  the  slide 
wire  is  connected  to  the  one  terminal  of  the  storage  or  primary 
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battery  (preferably  one  of  very  low  resistance);  the  other  ter- 
minal of  the  battery  is  grounded.  The  e.m.f.  of  the  battery  need 
not  be  over  a  few  volts,  except  for  very  high-resistance  grounds. 
Using  the  ordinary  Murray  loop  formula  as  follows: 

Let  L  =  total  resistance  of  cables  A  and  B, 

X  and  Y  =:  resistance  to  faults. 

A  and  B  =  value  of  bridge  arms  when  balance  is  obtained. 

Then 

B 
X  = L 

A  +  B 

In  applying  this  formula  to  the  slide  wire  bridge  ^  +  B  is 
obviously  constant,  and  we  will  consider  it  as  having  unit  value. 
We  will  also  consider  that  L  has  unit  value;  therefore  L  and 
A  -{-  B  are  eliminated  by  cancellation  and 

X  =  B. 

B  is  then  a  decimal  which,  when  multiplied  by  the  length 
in  feet  of  the  cable,  will  give  the  value  of  X  in  feet  distance  of 
the  ground  from  G'. 

In  practice  the  cable  must  be  connected  to  the  bridge  by 
leads  of  as  low  resistance  as  possible.  If  the  maximum  accuracy 
is  demanded,  then  the  resistance  of  the  leads  must  be  considered. 
By  connecting  the  milli-voltmeter  to  G  and  G'  the  error  due  to 
the  leads  T  and  T'  is  included  in  the  length  of  the  cables  under 
test  and  a  suitable  correction  must  be  made.  If  the  galvanometer 
is  connected  at  the  junction  of  the  leads  h,  W  to  the  cables  A  and 
By  then  the  leads  form  an  extension  of  the  slide  wire.  In  this  lat- 
ter case,  the  leads  being  equivalent  to  a  definite  number  of  scale 
divisions  on  the  slide  wire,  the  scale  of  the  bridge  will  not  then 
begin  at  zero,  but  will  start  at  the  figure  which  corresponds  to 
the  number  of  scale  divisions  to  which  the  leads  are  equal.  In 
simplifying  this  method  still  further  the  following  plan  is  sug- 
gested : 

Given  a  bridge  divided  into  looo  parts,  each  division  up  to 
the  center  of  the  scale  will  correspond  to  a  definite  point  on  A 
cable,  and  each  division  after  passing  the  center  of  the  scale  will 
be  a  definite  point  on  B  cable. 

If  then  a  number  of  thin  strips  of  sheet  metal  are  cut  to  the 
exact  length  of  the  slide  wire,  a  cable  can  be  scaled  to  the  length 
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of  the  slide  wire  and  the  positions  of  the  manholes,  sections,  etc., 
scribed  on  the  metal  strip. 

One  of  these  strips  may  be  made  for  each  cable  or  set  of 
cables  and  may  be  made  in  a  short  time  and  at  a  slight  expense, 
and  when  once  made  serves  for  all  time.  In  making  a  test  the 
strip  corresponding  to  the  cable  under  measurement  may  be  laid 
on  the  scale  of  the  bridge  and  the  location  of  the  fault  may  be 
read  directly  from  the  scale. 

Under  favorable  conditions  an  accuracy  of  one-twenty-fifth 
per  cent  is  obtainable,  and  under  ordinary  conditions  an  accuracy 
of  one-tenth  per  cent   is  practical. 

This  bridge  may  be  constructed  at  small  cost,  obviously  de- 
pendent on  the  degree  of  accuracy  with  which  measurements 
are  required. 

H.  E.  Rice. 

C23 
Exciter  for  Synohronons  Motor 

This  company  recently  installed  a  400-kw  synchronous 
motor  at  one  of  its  stations,  to  be  used  both  as  a  feeder  regu- 
lator and  to  drive  two  direct-current  machines  belted  to  it.  Its 
operation  was  very  unsatisfactory,  as  the  incandescent  feeders, 
operated  from  the  same  'bus-bars,  gave  a  very  noticeable  flicker- 
ing of  the  lamps,  the  voltage  varying  constantly  two  volts  either 
way  from  an  average. 

We  thought  the  trouble  due  to  the  fact  that  the  exciter  was 
run  from  the  synchronous-motor  shaft,  and  accordingly  belted 
it  to  3^  separate  motor  run  from  a  separate  feed.  This  has  ob- 
viated all  fluctuations  and  the  entire  set  is  now  giving  satisfac- 
tion. 

.    C.  F.  Haywood,  Denver,  Cdo. 

C  24 

An  Interesting  Botary  Converter  Installation 

We  have  an  interesting  rotary  converter  installation  which 
was  installed  by  the  Westinghouse  Electric  and  Manufacturing 
Company.  This  converter  is  300-kw  and  has  operated  under  the 
following  conditions  in  a  very  satisfactory  manner: 
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Taking  current  at  the  direct-current  end  and  suppl)ring  our 
three-phase  motor  system  with  current,  alternating. 

Taking  current  from  the  alternating-current  end  and  oper- 
ating the  250-500-volt,  three-wire  power  system,  direct  current. 

Taking  current  from  the  alternating-current  end  operating 
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Fig.  4 — Diagram  of  Connections 


our  railroad  and  50  per  cent  overload  and  three-wire,  250-500- 
volt  system  at  the  same  time. 

Taking  in  direct  current  at  500  volts,  split  it  up  into  a  three- 
wire,  250-500-volt  system. 

Run  it  as  a  synchronous  motor,  also  a  direct-current  motor- 
driving  arc  machine. 
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Belted  to  an  engine,  we  got  2000-volt  alternating  and  250 
500-volt  direct  current. 

Taking  in  alternating  and  operated  direct-current  end  in 
parallel  with  a  750-kw  steam-driven  generator. 

Taking  in  direct  current  and  operated  alternating-current 
end  in  parallel  with  a  steam-driven  alternator. 

Diagram  shows  connections. 

Figures  i,  2  and  3  are  views  facing  high-tension  terminal 
boards  of  three-phase  step-up  transformer;  Figure  4,  view  fac- 
ing low-tension  terminal  bars. 

2200-voU,  three-phase  No.  i ) 

2100-volt,      *'        •'      No.  2  >•  give  315  volts  three-phase. 

2000-voli,      •'        **      No.  3 ) 

In  Figure  4,  facing  the  high-tension  terminals  the  coils  are 
numbered  consecutively  from  left  to  right. 

O.  N.  BuNDY,  Elmira,  N.  Y. 

C  25 

Direct-Current  Power  Hachines  at  Substation  Driven  by 

Synchronous  Motor 

These  power  machines  feed  into  the  same  lines  as  the  engine- 
driven  power  machines  at  the  main  station.  The  motor-driven 
power  machines  are  used  as  motors,  taking  current  from  the  main 
station  to  bring  the  synchronous  motor  to  speed  at  starting. 

The  motor  current  in  the  series  field  winding  of  the  ma- 
chines overpowers  the  shunt  winding,  so  that  the  machines  re- 
fuse to  start,  and  produce  practically  a  short-circuit  upon  the 
lines,  opening  circuit-breakers,  etc.  Switches  were  placed  upon 
the  machines  for  reversing  the  connections  of  the  series  winding 
at  starting.  After  the  motor  is  synchronized  and  the  power  ma- 
chines loaded  the  series  coils  are  cut  out  by  means  of  a  single- 
pole  switch,  while  the  reversing  switch  is  thrown  over  to  give  the 
proper  compounding  effect. 

It  is  often  desired  to  run  this  apparatus  through  short  periods 
of  small  loads  rather  than  shut  down  and  start  over.  When  the 
load  drops  as  low  as  one-quarter  full-load  equilibrium  becomes 
unstable,  due  to  the  absence  of  an  equalizer,  the  load  all  being 
taken  by  the  main  station.  Worse  than  this,  the  power  machines 
begin  taking  current  from  the  lines  and  supply  energy  to  the 
alternating-current  lines  through  the  synchronous  machine.    The 
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increasing  motor  current  in  the  series  winding  of  the  power  ma- 
chines overpowers  the  shunt  winding,  causing  the  torque  to  pass 
through  zero  and  reverse,  coming  up  so  high  as  to  pull  the  alter- 
nator out  of  synchronism.  The  remedy  for  all  this  is,  of  course, 
to  throw  the  reversing  switch  to  the  starting  position  when  the 
load  is  small,  making  proper  voltage  adjustment  by  the  shunt 
field.    The  equilibrium  is  then  stable, 

J.  M.  Weed,  Denver,  Colo. 
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Synchronous  Motors  As  Altemating-Cnrrent  Generators 

At  Montgomery,  Ala.,  four  direct-current,  500-volt  generators 
are  operated  by  synchronous  motors,  which  are  driven  by  the  cur- 
rent from  a  water-power  plant  thirty  miles  away.  The  motors 
and  direct-current  generators  are  so  arranged  that  they  can  be 
operated  by  steam  engines  in  case  of  any  trouble,  or  any  shut- 
down at  the  hydraulic  station.  The  synchronous  motors  are  then 
driven  by  the  engines,  and  become  alternating-current  generators, 
furnishing  the  alternating  current. 

W.  Wheeler,  Montgomery,  Ala. 

C27 

A  Quick  Method  of  Planting  Poles 

In  constructing  the  transmission  line  from  Montgomery  to 
Tallassee,  Ala.,  it  was  necessary  to  erect  over  1500  poles,  vary- 
ing from  35  to  65  feet  in  length.  Many  of  them  had  to  be  erected 
in  wet  and  swampy  ground,  where  pikers  could  not  be  used.  The 
poles  were  fitted  up  with  cross-arms,  pins  and  insulators,  and 
erected  by  a  horse  pulling  on  a  breast  derrick,  as  shown  in  sketch. 
At  the  point  where  the  rope  from  the  breast  derrick  is  attached 
to  the  pole  to  be  raised,  four  or  more  guy  ropes  were  attached, 
so  that  the  pole  could  be  lined  up  by  a  man  pulling  on  the  guy 
rope  in  any  direction  the  pole  had  to  go.  The  guys  were  fastened 
to  the  pole  in  such  a  way  that  by  pulling  on  a  small  half-inch 
rope  after  the  pole  was  in  position  all  the  ropes  were  dropped  to 
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Raising  Pole 

the  ground  without  the  need  of  a  climber  to  unfasten  them.    This 
arrangement  proved  to  be  a  great  saver  of  time  and  labor. 

G.  A.  Montgomery,  Montgomery,  Ala. 

C  28 

Setting  Line  Poles  in  Concrete 

Where  line  poles  are  to  be  set  in  concrete,  use  cinders  about 
one  inch  in  diameter  in  place  of  stone  in  making  the  concrete.  This 
is  cheaper  than  cracked  stone,  where  .station  is  run  by  steam  power, 
is  sufficiently  strong  to  make  a  good  setting,  and  is  much  more 
easily  broken  out  than  concrete  made  with  stone  when  the  pole  has 
to  be  reset  or  removed. 

P.  C.  Brown,  Brookline,  Mass. 


C  29 

Potential  Transformer  Inverted 

The  accompanying  diagram   shows  an   ordinary  potential 
transformer  inverted.     The  iron  cover  was  removed  and  the 
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transformer  filled  entirely  with  compound.  This  compound  will 
not  flow  at  the  temperature  attained  in  practice.  An  alberene 
slab  was  substituted  for  the  cover  to  eliminate  all  iron  or  ground 
near  the  fuse.  Placing  the  transformer  in  an  inverted  position 
enables  the  operator  to  remove  the  fuses  with  a  pair  of  wooden 


Potential  Transformer  Inverted 

pliers  when  standing  below  same.  It  also  eliminates  the  danger 
of  the  fuse  wire  of  a  broken  holder  dropping  to  the  case  of  the 
transformer  which  may  start  an  arc  and  be  dangerous  to  life 
and  apparatus.  This  construction  also  eliminates  the  danger  of 
rats  and  cats  coming  into  contact  with  live  terminal  and  thus 
start  an  arc  to  ground.  Edw.  Schildhaueb. 

C  30 

Voltmeter  Compensators  on  Four-wire,  Three-phase  CironiU 

In  order  to  secure  maximum  efficiency  of  feeder  copper  in 

connection   with   single-phase   lighting   circuits   on   three-phase, 

four-wire  distribution  systems,  three  single-phase  feeders  running 
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along  the  same  pole  line  for  a  portion  of  their  length  should  be 
combined  along  such  portion  into  four-wire,  three-phase  feeder. 
The  loads  on  the  three  feeders  will,  in  general,  be  unequal,  and 
the  common  neutral  wire  will  carry  the  unbalanced  current. 
Under  these  conditions,  and  where  voltmeter  compensators  are 
used  in  the  station,  some  difficulty  has  been  experienced  in  se- 
curing on  the  feeder  voltmeter  a  correct  indication  of  the  voltage 
at  the  feeder  ends.  The  diagram  herewith  shows  a  scheme  of 
connection  for  voltmeter  compensators  which  accomplished  this 
result. 

It  will  be  noted  that  a  voltmeter  compensator  is  installed  on 
the  neutral  wire  as  well  as  on  each  phase  wire.     The  neutral 
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compensator  is  adjusted  to  compensate  for  the  drop  in  that  por- 
tion of  the  neutral  wire  that  is  common  to  all  three  circuits. 
Each  of  the  compensators  on  the  phase  wires  is  adjusted  to  com- 
pensate for  the  drop  from  the  end  of  the  common  neutral  to  the 
feeder  end  and  back  to  the  station.  In  other  words,  the  com- 
pensator on  each  phase  wire  is  adjusted  to  compensate  for  the 
drop  in  that  portion  of  the  circuit  traversed  by  the  current  shown 
by  the  ammeter  on  that  phase,  and  the  neutral  compensator  is 
adjusted  to  compensate  for  the  drop  due  to  the  unbalanced  cur- 
rent in  the  neutral  wire.  In  general,  current  in  the  neutral  wire 
will  not  be  in  phase  with  the  current  in  any  of  the  phase  wires, 
but  if  the  connections  of  the  compensators  are  made  as  shown 
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and  the  compensators  properly  set,  the  voltmeters  at  the  station 
will  indicate  the  voltage  at  the  end  of  the  single-phase  feeders 
regardless  of  the  distribution  of  load  on  the  three  circuits.  It  is 
always  advisable  to  check  the  compensator  settings  by  observa- 
tions of  the  voltage  at  the  feeder  end. 

D.  W.  Roper,  Chicago,  111. 


D 

TELEPHONES 

D  1 

Sign^al  Device  for  Long-Distance  Transmissions 

In  long-distance  transmission  work  it  is  essential  that  the 
power-house  and  substation  should  always  be  in  communication, 
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Diagram 

the  one  with  the  other.  Experience  has  taught  us  that  the  tele- 
phone is  not  always  reliable,  so  a  signal  device  has  been  arranged 
in  order  that  in  the  event  of  one  of  the  telephone  lines  being  down 
the  operators  in  the  power-house  and  substation  can  exchange 
messages  by  using  a  code  of  signals.  The  enclosed  sketch  of  con- 
nections will  probably  make  this  clear  to  your  readers. 

At  the  substation  end  there  is  a  small  single-phase  induction 
motor  direct-connected  to  a  direct-current  generator,  0.25-kw 
capacity,  wound  for  1 10  volts,  as  shown  by  A  in  diagram.    The 

W.— 5 
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terminals  of  this  generator  are  connected  to  ground  and  to  bind- 
ing-post I  of  telegraph  relay  B.  As  shown  in  detail  drawing  of  B, 
this  binding-post  is  connected  through  the  relay  coils  n  and  o  in 
series,  to  the  two  coils  m  and  p,  which  are  connected  to  the  line 
terminals  2  and  3.  Binding-posts  4  and  5  are  connected  to  the 
local  gong  circuit.  We  have  the  same  arrangement  at  the  hy- 
draulic station,  except  that  the  binding-post  i  of  relay  is  con- 
nected straight  to  ground  through  contact  a',  forming  return 
circuit  to  generator  A. 

When  contacts  a  and  a'  are  closed,  causing  current  to  pass 
through  the  coils  of  relays,  the  magnets  are  attracted,  and  hdd 
lever-arm  of  relay  down.  If  the  operator  in  the  substation  or 
power-house  wants  to  signal  he  opens  the  ground  circuit  at  a  or  a'. 
The  magnets  then  release  the  relay  arm,  which  in  turn  short- 
circuits  binding-posts  4  and  5,  thus  closing  the  local  gong  circuit. 
As  long  as  either  of  these  contacts  a  or  a'  are  open  the  bell  will 
continue  to  ring.  .  By  combinations  of  short  and  long  rings,  cor- 
responding to  dots  and  dashes,  we  have  arranged  a  code  of  signals 
that  answers  the  purpose  very  well  when  we  have  trouWe  with 
the  telephone.  G.  A.  Montgomery,  Montgomery,  Ala. 

D  2 

Telephone  Signal 

It  is  not  always  possible,  when  there  is  much  noise  in  a  sta- 
tion, to  hear  the  telephone  bell,  so  a  central-station  drop  has  been 
arranged  in  shunt  with  the  telephone  box.  When  the  drop 
is  down  a  circuit  with  a  red  lamp  is  completed.  By  making  the 
proper  arrangement  when  the  drop  is  down,  the  drop-ringer  is 
thrown  out  of  circuit  and  the  telephone  is  thrown  in. 

H.  C.  Gray. 

D  3 

Inductive  Effect  on  Telephone  Line  in  Long-Distance  Transmission 

Work 

We  have  experienced  considerable  trouble  on  our  private  tele- 
phone line  between  the  substation  and  the  power-house. 

Originally  the  line  was  run  on  brackets  spaced  about  six  feet 
below  the  transmission  line,  with  running  transposition  between 
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every  two  poles.  The  wire  on  top  at  one  transposition  would  be 
under  at  the  next.  At  times  it  was  very  difficult  to  hear  any  con- 
versation over  the  line.  This  trouble  was  remedied  to  a  large 
extent  by  running  the  line  on  two-pin  cross-arms  and  transposing 
at  every  fourth  pcle.  The  transposition  was  made  on  an  insulator 
for  that  purpose,  first  on  one  side  of  the  line,  and  then  on  the 
other.  The  wire  that  was  above  the  other,  at  the  first  transposi- 
tion is  always  kept  on  top.  That  is,  every  time  the  line 
is  transposed  we  find  the  same  wire  on  the  upper  groove  of  the 
insulator.  This  method  of  transposition  was  found  to  be  a  big 
improvement  over  the  old  method,  as  we  can  now  hear  very  dis- 
tinctly over  the  new  line.       A.  L.  Lowrie^  Montgomery,  Ala. 


D  4 

Method  of  TTsing  One  Telephone  on  Two  Floon 

Several  years  ago  our  company  was  paying  for  two  tele* 
phones,  one  up-stairs  and  one  down-stairs.  During  the  dajrtime 
the  down-stairs  telephone  was  seldom  used.  I  mad«  a  box  extend- 
ing from  the  first  floor  to  the  second  floor,  and  in  this  box  I  placed 
the  up-stairs  telephone,  arranging  it  so  it  could  be  raised  or 
lowered  something  like  a  dumb-waiter.  The  telephone  wires  were 
connected  to  two  brass  rods,  which  extended  from  the  first  to  the 
second  floor  in  the  box,  and  connection  was  made  from  these  rods 
to  the  telephone  through  sliding  contacts  which  were  open-arc 
lamp  carbon  brushes.  A  counter-weight  was  attached.  During 
the  daytime  the  telephone  would  be  at  the  top,  and  used  in  the 
office  on  the  second  floor.  At  night  the  telephone  would  be  pulled 
down-stairs  and  used  there.  This  has  been  used  for  a  number  of 
years,  and  saves  the  company  $75  per  year. 

F.  Ellwood  Smith,  Somerville,  Mass. 
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E 

WATER-POWER  PLANTS 

E  1 

Device  to  Measure  in  the  Power-House  the  Height  of  Water  at 
a  Dam  When  the  Power-Honse  and  Dam  Are  Some 

Distance  Apart 

Device  to  measure,  in  the  power-house,  the  height  of  water 
at  a  dam  when  the  power-house  and  dam  are  some  distance  apart. 


A  thanty  it  built  over  the  well  and  kept  warm  by  an  electric  heater. 

AC  and  EF  are  No.  i8  German  silver  wires  mounted  on  maple  plank  about  6  feet  long  and 
divided  to  one-tenth  of  a  foot.  7/  is  a  moving  contact,  moved  by  the  float  in  the  well,  wh  ch  com- 
municates by  the  pipe  G  with  the  water  in  the  dam.  The  pipe  has  a  valve  at  the  inner  end.  The 
contact  J  is  moved  by  hand  until  the  galvanometer  reads  zero.  The  resistances  R^  and  R*  are 
equal  to  the  resistances  of  the  wires  yl  ^  and  CD.  The  current  used  is  about  3  amperes,  when 
a  oalance  has  been  obtained,  the  height  of  water  is  read  directly  from  lower  scale 

Fred  R.  Cutcheon,  St.  Paul,  Minn. 
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E  2 

Head  and  Tail  Race  Water-Level  Indicator 

The  sketch  shows  a  style  of  float  we  have  in  use  to  indicate 
the  height  of  the.  water  in  our  penstock ;  another  float  of  identical 
construction  shows  the  height  of  the  tail  water,  and,  of  course, 
the  difference  between  the  two  floats  is  the  available  head  on  our 
turbines. 
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Water-Level  Indicator 


The  arrangement  is  very  simple  and  inexpensive,  and  if  the 
float  is  made  large  enough  as  to  contain  sufficient  air,  it  is 
quite  sensitive. 

S.  R.  Inch,  Missoula,  Mont. 


E  3 

An  Indicating  Head-Water  Oange  for  Open  Flnmes 

It  is  at  all  times  desirable  to  know  the  exact  head  under  which 
a  water-wheel  is  operating.  A  handy  gauge  for  this  purpose  can 
be  made  as  follows : 
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A  float,  consisting  of  light  wood  or  other  material,  is  placed 
in  the  open  flume,  and  a  light  rod  or  stick  is  fastened  to  it  by 
nailing  or  screwing.  The  stick  or  rod  must  be  of  sufficient  length 
to  permit  of  a  satisfactory  guide  being  placed  above  high-water 
level  to  prevent  the  float  from  drifting  down-stream.  The  guide 
may  be  made  of  a  block  of  wood  nailed  to  the  flume  and  bored 
for  the  vertical  rod,  or  a  large  screw-eye  may  be  attached  to  the 
fltmie.  At  the  end  of  the  vertical  stick  or  rod  attach  a  wire,  and 
run  it  over  small  pulleys  to  any  convenient  location  for  the  scale. 
This  should  be  a  stranded  wire,  and  ordinary  picture  cord  will 
usually  be  found  suitable.  At  the  place  selected  for  the  scale  the 
wire  should  be  run  over  a  small  pulley,  and  should  drop  vertically, 
the  end  of  the  wire  being  attached  to  a  weight  heavy  enough  to 
keep  the  wire  taut  at  all  times  and  counter-balance  the  weight 
of  the  rod  and  float  to  some  extent.  Attach  to  the  wire  a  few 
feet  above  the  weight,  by  mesins  of  a  small  damp,  or  by  douWe- 
pointed  tacks,  a  scale  divided  into  feet  and  inches.  This  scale 
should  be  of  such  a  length  that  the  extreme  variation  of  head  will 
come  within  its  limit. 

For  the  tail  water  an  exactly  similar  float  rod,  guides,  wire, 
pulleys,  etc.,  should  be  used,  and  the  wire  dropped  vertically,  with 
a  weight  on  the  end  and  as  near  the  scale  as  possible. 

A  pointer  should  be  attached  to  the  tail-water  wire  in  such 
a  position  that  it  points  to  the  center  of  the  scale  when  the  head 
is  normal.  Measure  the  head  accurately  with  a  tape  line,  or  by 
other  means,  and  mark  on  the  scale  at  the  place  indicated  by  the 
pointer;  extend  the  scale  as  much  as  desired,  and  you  will  have 
a  convenient  gauge.  Other  scales  may  be  placed  near  the  wires 
at  convenient  points  and  adjusted  so  that  you  may  know  the 
inches  or  cubic  feet  of  water  flowing  over  the  dam,  or  the  loss 
of  head  due  to  rise  of  water  in  the  tail  race. 

Loss  of  head  in  racks,  gates  or  flumes  can  also  be  indicated 
in  a  similar  manner. 

Fred  B.  Hubbell,  Westport,  Conn. 

E  4 

Increasing  Storage  Eeservoir  by  Means  of  Flash  Boards 

In  order  to  obtain  a  greater  water  storage  here,  and  to  in- 
crease the  working  head  on  turbines,  flash  boards  have  been  placed 
on  our  two  dams,  raising  the  level  in  forebay  2.2  feet. 
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The  constructitm  and  effect  is  as  shown  in  photographs,  per- 
mitting them  to  be  readily  placed  on  dams,  and  removed  when 
desired.  They  are  put  on  and  filled  before  the  winter  low-water 
season  begins,  and  removed  before  spring  freshets. 


The  frames  are  built  of  two-inch  tamarac,  and  the  cross- 
planks  of  three-inch  pine;  they  were  placed  <mi  two  dams — a  total 
length  of  300  feet — for  $340. 

G.  Hartm.an,  St.  Gabriel,  P.  Q. 

E  6 

Maintaining:  Cooling  Water  in  Transformers 
We  have  a  set  of  transformers,  copied  by  coils  of  iron  pipe, 
through  which  water  circulates.  The  coils  are  fed  from  the  main 
turbine  feed-pipes,  and  at  certain  seasons  of  the  year  the  level  of 
liead-race  is  liable  to  drop  several  feel  below  the  highest  points 
of  cooiing  coils. 

To  avoid  the  collection  of  air  at  these  points,  and  consequent 
interruption  of  flow,  the  discharge  from  the  cooling  coils  is  con- 
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aected  to  one  of  our  exciter  draft-tubes,  thus  securing  uninter- 
rupted flow  during  all  conditions,  with  no  i>erceptible  effect  on 
steadiness  of  exciter  vacuum  or  speed. 

G.  Hartman,  St.  Gabriel,  P.  Q. 

E  6 

Bemotring  Aocumnlatioiui  of  Sand^  Debris  and  Anchor  Ice  from 
Flames  and  Backs  by  Means  of  a  Stream  of  Water 

from  a  Fire  Hose 

We  use  city  water-pressure  of  70  pounds  per  square  inch,  but 
I  think  anything  over  30  pounds  would  be  effective.  The  method 
of  application  will  vary  in  each  individual  case. 

In  our  flume  we  have  found  that  anchor  ice  will  not  go  out 
of  the  sluiceways,  but  will  gather  in  masses  in  front  of  our  racks 
and  on  the  surface  of  the  water  to  a  depth  of  a  foot  or  more,  and 
if  allowed  to  remain  would  soon  cause  serious  trouble.  By  the 
use  of  the  hose,  held  at  an  angle  with  the  surface  of  the  water, 
we  can  drive  the  ice  out  of  the  sluiceways  in  a  few  minutes,  while 
it  would  take  an  hour  to  do  the  same  work  by  other  means.  It 
will  be  found  equally  effective  in  washing  out  wheel-pits,  forebays 
and  flumes  when  the  water  has  been  shut  out  for  repairs,  etc.  We 
also  make  use  of  this  means  to  deepen  the  channel  of  the  river 
leading  to  our  intake  when  the  water  is  low  in  summer. 

J.  C.  Fagan. 

F 

STEAM     ENGINES,     GAS     ENGINES,     PRODUCERS, 
PUMPS,  BOILERS,  FEED- WATER,  HEATERS,  ETC. 

F  1 
Bemoving  Crank  Pins 

Some  time  ago  we  were  obliged  to  take  out  and  replace  a 
crank  pin  on  a  250-hp  engine.  The  pin  was  shrunk  in  and  pened 
over,  as  is  the  custom,  but  had  become  a  little  loose ;  still  we  could 
not  force  it  out. 

We  drilled  a  hole  through  the  centre  of  the  pin  from  end 
to  end,  tapped  each  end  to  fit  a  three-quarter-inch  pipe  thread,  and 
screwed  a  piece  of  pipe  in  the  same  with  a  cold-water  hose  at- 
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tached  to  one  end  of  the  pipe.  After  heating  the  crank  and  pin 
to  a  cherry  red  by  the  use  of  a  portable  forge  we  turned  on  the 
water,  cooling  the  pin,  which  shrunk  enough  so  it  could  be  pulled 
out  by  the  attached  pipe. 

C.  E.  Inman,  Warren,  Ohio. 

Silent  Cliaiii-DriYe  to  Bq[ilaee  OoYemor  Bdt 

Since  it  is  the  duty  of  a  governor  on  an  engine  to  adjust  the 
supply  of  steam  admitted  to  the  cylinder  to  suit  the  load,' the 
medium  of  transmission  of  power  to  drive  the  governor  must  act 
as  quickly  as  possible.  We  know  that  it  is  the  duty  of  the  fly- 
wheel to  take  care  of  the  variations  of  load  instantaneously,  while 
the  governor  adjusts  same  by  controlling  the  steam — ^taking  a  com- 
paratively longer  period  of  time  to  do  so.  We  also  know  that 
under  best  conditions  possible  there  is  belt  slippage,  and  further- 
more that  a  belt  may  break  without  giving  any  warning. 

To  overcome  these  deficiencies  we  have  replaced  the  governor 
belt  on  three  engines  by  a  silent  chain-drive,  and  we  are  well  pleased 
with  the  change.  To  do  this  a  special  sprocket  wheel  has  to  be 
made  to  fit  over  the  engine  shaft ;  a  sprocket  is  also  made  to  re- 
place the  governor  pulley. 

The  silent  chain-drive  has  four  advantages  over  the  belt,  in 
that  it  can  not  slip,  it  does  not  stretch,  oil  does  not  ruin  it,  and  it 
is  stronger. 

G.  H.  CusHMAN,  San  Antonio,  Tex. 

F  3 

Device  to  Lubricate  Freely  the  Crosshead  of  a  1500-Hp  Corliss 

Engine 

After  experiencing  a  little  trouble  with  the  crossheads  on 
the  high  and  low-pressure  sides  of  a  1500-hp  Corliss  engine,  due 
to  the  fact  that  the  crossheads  did  not  receive  enough  oil,  we 
resorted  to  a  scheme  illustrated  by  the  accompanying  sketch. 

The  crosshead  formerly  received  its  lubrication  at  one  point 
only,  in  its  travel  back  and  forth,  this  point  being  A.  The  wiper 
C,  as  it  passed  under  A,  collected  the  oil,  allowing  it  to  pass  in  the 
cup  D,  down  the  stem  E,  and  then  to  the  crosshead.    However, 
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if  the  engine  was  running  heavily  loaded,  and  the  wiper  C  should 
fail  to  collect  oil  for  a  stroke  or  two,  the  brasses  would  clamp  the 
pin  tightly  and  would  result  in  shearing  the  bolts  in  crosshead, 
thereby  causing  a  serious  shut-down. 

To  eliminate  grief  from  this  source,  the  crosshead  is  oiled 
for  the  full  length  of  its  stroke  instead  of  at  one  point  only.  To 
accomplish  this,  a  half-inch  brass  pipe  G,  its  length  depending  on 
length  of  stroke  of  engine,  is  fixed  to  the  guide  barrel,  the  barrel 
having  been  tapped  again  at  B,  with  oil  cup  attached,  to  be  used 
in  case  of  accident  to  the  automatic  feed.  The  pipe  is  placed 
just  high  enough  to  miss  hitting  the  wiper  C  In  the  sectional 
diagram  of  the  pipe,  note  that  the  holes  from  which  the  oil  escapes 
are  bored  in  the  top  of  pipe  and  are  one-sixteenth-inch  in  diameter, 
spaced  about  every  two  inches.  The  holes  are  bored  in  the  top 
in  order  to  make  the  lubrication  uniform  throughout  the  stroke. 
When  the  pipe  fills,  oil  flows  from  the  holes  F  at  the  same  time, 
and  is  collected  by  the  wiper  C  at  every  point  of  the  stroke.  Seem- 
ingly, there  is  quite  a  bit  of  oil  wasted,  but  the  oil  is  caught  and 
used  again. 

G.  H.  CusHMAN^  San  Antonio,  Texas. 

F  4 
A  Device  for  Continuous  Feeding  of  Oil  to  Engine  Cylinders 

This  device  consists  of  tank  A,  which  must  be  connected 
to  a  high  point  in  main  steam  pipe  through  pipe  C,  and  the  pipe  E 
leads  from  top  of  tank  to  the  engine  lubricators  K,  K,  as  in  the 
ordinary  cylinder-tank  system. 

To  start  system  remove  plug  /  in  tank  A,  having  valves  K 
and  L  closed.  Reset  plug  /  perfectly  tight  after  filling  tank  A, 
open  valves  K  and  L  when  system  is  ready  to  start. 

To  refill  tank  A  place  tank  B  below  tank  A,  extend  pipe  C  to 
bottom  of  tank  B,  then  connect  top  of  tank  B  with  one-inch  pipe 
to  top  of  tank  A  with  cut-oflF  valve  at  top  of  tank  B,  provide  filling 
plug  at  G,  pet  cock  at  H,  and  drain  cock  at  /. 

To  fill  tank  B  have  valves  M  and  N  closed,  also  drain  cock  I, 
remove  plug  G,  open  pet  cock  H,  fill  tank  full  of  oil,  close  plug  G, 
slack  valve  M  until  all  air  is  excluded  at  H.  Close  Hj  open  N 
and  M,  and  oil  will  pass  from  B  to  A,  water  in  A  returning 
through  extension  in  pipe  C  to  B, 


In  this  manner  tank  A  can  be  filled  c(Mitinuously  without  in- 
terrupting the  suK>ly  of  oil  to  the  cylinders. 

A  pet  cock  should  be  inserted  in  pipe  E  at  the  highest  point 
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in  the  system,  for  an  air  vent,  but  will  seldom  be  needed,  except 
for  starting. 

Edison  Elec.  Illuminating  Co.,  West  Oiester,  Pa. 

F  5 

Cnriiig  as  Engine  Iliat  Took  Water  Freqaestly 

An  engine  taking  steam  from  the  extreme  end  of  a  loag  line 

of  piping  was  troubled  frequently  with  water ;  taking  the  cap  off 

the  end  of  the  steam  line,  and  putting  on  a  drop  elbow,  with  a  drip 

from  the  bottom  of  it  leading  lo  the  drip  system,  cured  it. 

H.  C.  Hall,  Fall  River,  Mass. 

F  6 
Detecting  Leak  in  BeoeiTer 
A  receiver  drip  on  a  vertical  tandem  compoutid-ccndensing 
engine  was  found  hot  after  the  engine  had  been  shut  down  several 
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hours ;  throttle  valve  was  found  to  be  tight,  so  the  only  place  left 
to  look  was  the  reheating  coil  in  the  receiver;  to  take  head  off 
the  receiver  was  a  long,  awkward  and  tedious  job,  so  to  find 
whether  the  leak  was  large  or  small  all  drips  were  dosed,  also 
valve  between  engine  and  condenser,  and  by  noting  pressure  on 
receiver  gauge  the  desired  information  was  soon  obuined. 

H.  C.  Hall,  Fall  River,  Mass. 

P7 

Method  of  Testing  a  Large  Oai  Engine  Without  a  Brake 

It  was  necessary  to  test  a  large  producer-gas  engine,  driving 
a  700-kw,  13,200-volt  generator.  The  only  available  electric  load 
was  too  variable  to  be  of  any  use,  so  the  fdlowing  arrangement 
was  adopted: 

A  triangular  float,  supported  by  oil  barrels  at  the  comers,  was 
constructed  with  out-riggers  supporting  high-tension  insulators. 
The  three-phase  line  was  led  to  an  upright  in  the  middle  of  the 
float,  and  thence  one  leg  to  each  out-rigger.  A  short  bar  of  No.  00 
bare  copper  was  used  as  a  terminal  dipping  into  the  rivfer. 

With  about  one-half  inch  of  the  terminals  submerged  at  20 
feet  distance,  full  voltage,  full  load  was  obtained. 

A  comparatively  slight  variation  of  generator  voltage  would 
vary  the  load  from  one-quarter  to  full,  and  the  same  could  be 
held  absdutely  steady  at  any  point.  A  perfect  load  and  regulation 
test  was  obtained  on  the  engine. 

It  was  observed  that  nearly  all  the  resistance  was  at  the  con- 
tacts, the  distance  apart  of  the  electrodes  having  no  effect  from 
six  to  20  feet. 

At  heavy  load  the  electrodes  made  no  contact  with  the  water, 
but  were  surrounded  by  a  ball  of  incandescent  gas,  approximately 
two  and  a  half  in  diameter,  which  formed  the  conducting  medium. 

M.  A.  Maxwell. 

F  8 

Bedueing  Oear  for  Oas  Engine 

The  reducing  gear  shown  in  the  print  was  adopted  for  a  test 
made  of  some  of  the  gas  engines  at  the  works  of  the  Consolidated 
Gas  Company  in  1904. 
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This  reducing  gear  was  adc^ted  for  a  test  because  it  em- 
bodied the  essential  requirements  for  simplicity,  durability  and 
accuracy.  In  reproducing  the  motions  of  the  pistcms  to  a  small 
scale,  the  eccentric  diameters  were  placed  at  an  angle  of  120  de- 
grees apart,  and  their  throw  made  to  equal  the  length  chosen  for 
the  card. 

Knowing  the  stroke  of  the  engine,  the  length  of  its  connect- 
ing-rod, and  the  desired  throw  of  the  eccentric,  the  length  of  the 
eccentric  connecting-rod  was  readily  determined ;  thus  the  move- 
ment of  the  point  a  would  be  exactly  proportional  to  the  move- 
ment of  the  piston. 


The  three  eccentrics  were  rigidly  fixed  to  a  smalt  shaft 
screwed  into  the  centre  of  the  main  shaft.  To  the  end  of  the 
connecting-rod  was  attached  a  slide  rod,  which  passed  up  and 
down  through  two  wrought-iron  guides  firmly  screwed  to  an  up- 
right beam  extending  a  little  beyond  the  top  of  the  engine.  To 
the  small  eyebolts  soldered  into  the  end  of  the  slide  rod  were  fas- 
tened the  steel  wires  leading  to  the  indicator  drum.  At  the  end 
of  the  upright  beam  were  fixed  three  small  brass  pulleys  directly 
opposite  the  indicator,  through  which  were  passed  pig-skin  belt 
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lacings  connected  to  the  steel  wire,  thus  avoiding  any  breaks  by 
wearing  and  jamming. 

The  steel  wire  then  passed  directly  to  the  indicator,  making 
an  angle  of  90  degrees  with  the  vertical;  and  the  end  was  fastened 
by  means  of  a  rubber  band,  thus  taking  up  the  slack.  The  above 
reducing  motion  was  made  at  the  time  of  the  test,  and  proved  very 
satisfactory  throughout  the  five  runs. 

Philip  F.  Ballinger,  Long  Branch,  N.  J. 

F  9 
Producer  Oas  Made  in  a  Water-Oas  Set 

A  seven-foot  six-inch  water-gas  set,  which  did  not  happen  to 
be  in  use  at  the  time,  was  converted  into  a  producer,  and  the  pro- 
ducer gas  generated  was  used  for  a  gas  engine  which  was  belted 
to  electrical  apparatus.  It  was  not  convenient  to  use  the  air  blast 
from  the  blower  connected  to  the  water-gas  apparatus,  and  a  No. 
6  Koerting  steam  blower  was  tapped  on  to  the  generator  at  the 
bottom,  and  air  and  steam  applied  through  it.  The  gas  was  taken 
off  through  the  carbureter,  superheater  scrubber  and  producer 
and  thence  to  a  special  pipe  run  to  a  holder,  where  it  was  stored. 
The  average  make  per  hour  on  this  apparatus  was  19,684  cubic 
feet,  and  the  net  calorific  value  of  gas  was  129.9  B.t.u.  The 
following  is  an  analysis  of  the  gas :  CO^,  8.8 ;  O^,  .2 ;  CO,  22.5 ; 
H^,  20.8;  N^  47.7.    Total,  100. 

The  generator  worked  against  a  holder  pressure  of  five  inches 
of  water.  It  was  coaled  up  every  two  hours  and  cleaned  once 
every  twenty-four  hours.  It  was  found  necessary  to  keep  the  stack 
valve  on  the  apparatus  closed  while  coaling  up,  in  order  to  prevent 
explosion  in  the  carbureter  and  superheater.  Gas-house  coke  was 
used  as  fuel. 

Wm.  Bang,  Long  Branch,  N.  J. 

F  10 

An  Emergency  Bepair  for  a  Broken  Pump  Cylinder 

At  a  substation  in  this  city  the  Elmira  Water  and  Railroad 
Company  had  a  1,000,000-gallon  Knowles  pump,  used  only  in  case 
of  a  breakdown  or  accident  to  main-line  pump.  During  the  month 
of  January,  1904,  the  company  was  obliged  to  start  the  pump,  but 
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upon  getting  up  steam  it  was  found  that  the  water  cylinder  head 
was  broken.  The  main-valve  cut-oflf  had  leaked  and  allowed  water 
to  enter  the  cylinder,  which  had  frozen  and  broken  the  casting. 
It  was  necessary  to  start  the  pump  inside  of  eighteen  hours  in 
order  to  keep  up  supply.  Repair  parts  could  not  be  obtained  in 
time,  so  the  broken  pieces  were  glued  together  and  bound  with 
wire,  and  then  a  concrete  filling  was  laid  around  the  water  cylinder 
to  a  depth  of  four  feet.  Upon  starting  the  pump  again  it  was 
found  that  there  was  still  a  small  leak.  We  then  procured  twenty- 
five  cents'  worth  of  bran  and  put  same  in  through  hand-hole.  This 
swelled  and  effectively  stopped  all  leaking,  and  the  pump  was  run- 
ning in  good  order  within  the  eighteen-hour  limit. 

O.  N.  BuNDY,  Elmira,  N.  Y. 

F  11 

Making  a  Fninp  Lift  Hot  Water 

Hot  water,  even  up  to  1 80  degrees  F.,  may  be  lifted  about 
10  or  II  feet  if  the  following  piping  is  run:  At  the  point  where 
the  vertical  riser  from  the  well  meets  the  horizontal  suction  pipe 
to  the  pump  an  elbow  would  ordinarily  be  used;  instead  of  the 
elbow  use  a  tee,  on  the  run  of  the  tee  extend  the  vertical  pipe 
for  about  four  feet  and  cap  it  over.    This  will  do  the  trick. 

H.  C.  Hall,  Fall  River,  Mass. 

P  12 
An  Indicator  Device 

Where  considerable  work  is  done  in  indicating  engines  in 
isolated  plants,  et  ccBtera,  a  guide,  partly  for  the  indicator  card, 
made  as  follows,  will  be  found  useful: 

A  clamp  to  fit  the  indicator  piping  is  mounted  on  the  end  of 
a  piece  of  half-inch  pipe  24  inches  long;  a  small  pulley  is  mounted 
on  a  block  that  slides  on  the  pipe  and  is  fastened  with  a  set  screw. 
This  can  be  quickly  fastened  to  the  indicator  piping,  which  is 
necessarily  on  the  cylinder,  and  for  any  position  of  the  reducing 
motion  the  card  can  be  adjusted  so  that  it  is  in  line  with  the 
cylinder.  This  will  be  found  very  handy  when  many  engines  are 
indicated. 

J.  F.  DosTAL,  Denver,  Colo. 
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F  18 
A  Cheap  Vaoaam 

An  artesian  well  with  a  good  head  of  water  is  very  valuable 
for  condensing  purposes.  We  have  had  such  a  well  in  use  for 
the  past  ten  years,  and  at  present  we  are  still  using  it.  The  well 
is  an  eight-inch  well,  bored  on  the  banks  of  the  San  Antonio 
River,  immediately  back  of  the  plant.  It  has  a  pressure  of  15 
pounds  at  the  mouth  of  the  well,  and  the  head  water,  if  measured 
above  the  water  level  of  river,  is  49  feet.  This  is  sufficient  head 
to  carry  the  water  to  a  Buckley  condenser,  injector  type,  which 
is  placed  on  the  roof  of  the  plant.  After  the  water  does  its  work 
I  he  greater  part  of  it — ^that  is,  the  overflow  of  the  hot  wells — flows 
away  into  the  river,  nothing  being  lost  by  this  waste  of  water. 

It  is  a  valuable  asset,  for  it  needs  absolutely  no  attention  and 
repairs.  Besides,  it  saves  the  first  cost  and  maintenance  of  pumps 
and  steam  to  run  these  pumps,  also  the  cost  of  water  and  cooling 
towers,  if  the  water  had  to  be  purchased.  Among  the  other  good 
features  that  the  well  presents  is  that  it  needs  no  attention  that 
pumps  would  require,  always  giving  us  a  steady  stream  of  water, 
and  we  never  need  fear  a  "lost  vacuum'*  for  lack  of  water. 

G.  H.  CusHMAN,  San  Antonio,  Texas. 

P  14 

Detecting  a  Poor  Vacnnm 

The  vacuum  on  a  compound  engine  was  noticed  very  low. 
All  stuffing  boxes  were  repacked,  suction  pipe  and  pump  examined, 
candle  test  was  made  for  leaks,  but  nothing  found.  By  turning 
steam  pressure  on  exhaust  pipe  between  engine  and  condenser  a 
number  of  very  small  leaks  were  found ;  these  were  too  small  to 
be  found  with  candle  test,  but  were  in  the  aggregate  sufficient  to 
impair  the  vacuum.  A  new  length  of  pipe  was  the  remedy  and 
fixed  things  O.  K. 

H.  C.  Hall,  Fall  River,  Mass. 

P  16 

An  Approximate  Method  of  Metering  the  Boiler  Peed  Water 

We  exf>erienced  a  good  deal  of  trouble  with  the  water-meter 
used  to  measure  our  feed  water,  until  one  day  we  had  to  discard 
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it  altogether.  To  keep  tab  on  the  water  used,  an  old  integrating 
watt-meter  counter  was  rigged  up  with  a  ratchet  and  pawl  on  the 
last  dial,  and  fitted  on  our  feed  pump  so  as  to  go  forward  one 
division  for  every  stroke  o4  the  pump.  From  the  size  of  the 
plunger  and  stroke  one  can  calculate  the  amount  of  water  per 
stroke.  The  leakage  coefficient  of  the  pump  has  to  be  determined, 
and  this  is  often  very  hard  to  get  at  accurately.  However,  from 
observations  taken,  this  coefficient  was  found  to  remain  practically 
constant,  and,  at  the  worst,  with  the  above  outfit  you  can  get  a 
very  good  comparison  of  the  feed-water  consumption  from  day 
to  day. 

L.  Denis^  Montreal,  P.  Q.,  Can. 

F  16 

Scheme  to  Avoid  Lifting  Feed  Water 

A  represents  deep  well ;  B,  an  electric  pump ;  C,  a  pump ;  D, 
a  steam  pump  for  pumping  water  from  C  to  tank  H,  on  roof  of 
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Diagram  of  Connections 


boiler  house;  G,  closed  feed-water  heaters;  F,  open  feed-water 
heater ;  E,  boiler-feed  pump ;  M,  batteries  of  boilers ;  K,  old  line  to 
tank  on  roof;  /,  new  line  running  from  D  to  0,  the  outlet  pipe 
from  supply  tank. 
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The  feed  water  is  pumped  direct  from  D  to  G  through  /, 
while  formerly  it  was  lifted  to  H,  a  vertical  distance  of  60  feet. 
Now  only  the  excess  water  is  lifted  to  sui^ly  tank.  Heat  is  also 
saved,  as  water  in  C  is  heated  to  some  extent. 

B.  E.  Buttles,  Denver,  CcAo. 

P  17 

Operating  Engines  Condensing  When  Short  of  Water 

The  steam  plant  in  connection  with  the  Quebec- Jacques  Car- 
tier  Electric  Company  is  used  as  an  auxiliary  in  case  of  trouble 
or  breakdown  at  the  water-power  plant  in  summer-time,  and  to 
help  out  the  latter  regularly  in  winter,  when  the  load  on  the  plant 
increases  considerably. 

The  diagram  shows  the  arrangement  and  piping  of  our  water 
tanks.  Under  ordinary  conditions  the  cold-water  tank  is  supplied 
from  the  city  main  through  a  pipe — which  is  not  shown — and  the 
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Diagram  of  Connections 


hot  well  is  allowed  to  overflow  into  the  drain  pipe.  The  boiler- 
feed  pump  is  supplied  from  either  the  hot  well  or  the  cold-water 
tank  by  opening  valve  A  or  valve  B. 

On  the  particular  occasion  referred  to,  the  city  unavoidably 
had  to  shut  off  the  water  for  a  whole  day  to  repair  a  leak,  and 
it  was  up  to  the  steam  plant  to  run  at  least  one  5;oo-hp  set  to  help 
out  the  water-power  plant.  The  tanks  were  practically  full,  and  it 
was  thought  at  first  to  run  non-condensing,  but,  even  then,  we 
should  not  have  had  water  to  run  more  than  three  or  four  hours. 
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So  the  following  plan  was  tried  and  found  to  work  remarkaWy 
well: 

A  condenser  pump  was  started  as  usual,  and  the  feed-pump 
piping  had  valve  A  open  and  valve  B  closed.  The  water  in  the 
cold-water  tank  was  allowed  to  drop  about  one  foot  below  the  level 
of  the  overflow  in  the  hot  well,  then  valve  B  was  opened.  The 
difference  of  level  between  the  two  tanks  allowed  the  water  to 
flow  from  the  hot  well  to  the  cold-water  tank  through  the  feed- 
pump piping,  thus,  practically,  losing  no  water.  The  only  thing 
remaining  to  be  done  was  to  keep  the  water  in  the  cold-water 
tank  cool.  This  was  done  by  keeping  the  tank  well  provided  with 
snow,  which  we  had  in  plenty,  but  it  kept  two  men  and  a  rig  busy 
carting.  The  melted  snow  more  than  overbalanced  the  water  lost 
through  leaks  or  otherwise,  and  this  plan  could  have  kept  us  run- 
ning almost  indefinitely,  as  long  as  we  could  have  been  kept  sup- 
plied with  snow  or  ice. 

L.  Denis,  Montreal,  P.  Q.,  Can. 

V  18 

Hot  Feed  Water 

Our  electric  equipment  consists  of  six  Corliss  condensing 
engines  and  one  DeLaval  turbine.  The  condensing  water  is  of 
such  a  quality  as  to  be  unsuitable  for  feed  water,  even  though  a 
suitable  separator  were  used  to  take  out  the  oil.  We  are  con- 
templating installing  a  jet  condenser  on  one  turbine  and  using  our 
legular  boiler- feed  water  in  it  for  condenser  water.  As  there 
is  no  oil  introduced  into  the  water  it  can  be  used  for  boiler  feed, 
heating  it  up  to  a  certain  degree  before  passing  it  through  the 
regular  feed-water  heaters.  With  this  arrangement  the  condenser 
may  be  made  to  fulfill  two  uses — that  of  a  condenser  and  of  a 
feed-water  heater. 

C.  W.  Humphrey,  Denver,  Colo. 

F  19 

Beceiver  Steam  to  Heat  Boiler  Feed  Water 

In  case  the  exhaust  steam  does  not  heat  the  feed  water  suffi- 
ciently, we  have  found  a  gain  can  be  made  by  admitting  steam 
from  receiver  of  compound-condensing  engine  direct  to  heater. 

B.  E.  Buttles,  Denver,  Colo. 
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F  80 

Increasing  the  Heat  of  Feed  Water 

In  the  vertical  header  type  of  horizontal  water-tube  boilers, 
the  iron  doors  on  the  rear  end  of  the  setting  radiate  a  great 
quantity  of  heat ;  by  taking  a  lot  of  old  pipe  coverings  of  magnesia, 
et  ccBtera,  that  was  not  fit  for  re-use  on  the  pipes,  breaking  it  up 
and  mixing  it  with  water,  then  baking  in  short  pieces  of  I  beams 
for  moulds,  we  made  a  number  of  slabs,  which  were  fastened 
to  the  inside  of  the  doors ;  this  saved  a  lot  of  heat,  and  as  econo- 
mizers are  used  the  increase  in  the  temperature  of  the  feed 
water  was  noticeable. 

H.  C.  Hall,  Fall  River,  Mass. 

F  21 

Stopping  Air  Leaks  in  Boiler  Settings  and  Doors 

Packing  cracks  in  brickwork  and  around  door  frames  with 
asbestos  wicking  will  materially  reduce  the  amount  of  cold  air 
going  through,  and  will,  if  economizers  are  in  use,  help  to  raise 
the  temperature  of  the  feed  water. 

H.  C.  Hall,  Fall  River,  Mass. 

F  22 

Turbine  Boiler-Tube  Cleaners 

As  usually  made,  the  cutters  are  so  far  in  advance  of  the 
turbine  that  removing  scale  from  the  extreme  end  of  the  tube  is 
difficult,  as  the  cutters  begin  to  cut  about  a  foot  from  the  end ; 
making  an  extension  piece  to  fit  the  tubes,  so  as  to  practically 
lengthen  the  tube  a  foot  or  more,  solved  the  problem  of  how  to 
make  the  cutters  work  on  the  eoctreme  end  of  the  tube. 

H.  C.  Hall,  Fall  River,  Mass. 

F  23 

Equalizing  Heat  in  Steam-Heating  Bisers 

In  a  steam-heating  system  it  was  found  that  some  risers  were 
getting  more  steam  than  others;  on  account  of  being  piped  with 
Tees  instead  of  Y's ;  a  plug  with  a  small  hole  drilled  through  it, 
inserted  in  the  riser  getting  the  most  steam,  will  choke  part  of 
it  oflF  and  send  more  through  the  other  pipes,  and  so  equalize 
better.  H.  C.  Hall.  Fall  River,  Mass. 
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Oiinding  In  Seats  of  Safety  Valvei 
It  is  sometimes  necessary  to  grind  in  the  seats  of  safety  valves 
without  disturbing  the  set  of  the  spring ;  after  taking  off  the  lock, 
cap  and  test  lever  there  are  usually  found  two  nuts  for  the  fork  of 
the  test  lever  to  lift  valve  from  seat ;  when  testing  valve  with 
boiler  under  steam,  by  inserting  a  piece  of  pipe  between  head  bolt 
and  these  two  nuts,  and  clamping  the  pipe  tight,  we  can  then  take 
off  the  bonnet  without  disturbing  the  set  of  spring  and  grind  in 
the  valve.  H.  C.  Hall,  Fall  River,  Mass. 

F  26 
A  Space  and  Power  Savet  for  Belted  Ifuita 
In  the  central  statical  of  the  Etmira  Water,  Light  and  Rail- 
road Company  two  Westinghouse  20i>kw,  500-volt,  direct-current 
machines  were  connected  up  as  shown  in  diagram  A.  A  line  shaft 
was  belt-driven  by  a  500-hp  triple-expansion  Mcintosh  &  Sey- 
mour vertical  engine,  and  the  two  dynamos  were  belt-driven  from 
line  shaft. 
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In  order  to  economize  space  and  save  power  the  two  dynamos 
were  connected  up  as  shown  in  diagram  B.  They  are  not  con- 
nected together,  but  the  single  large  belt  from  engine  laps  over 
on  both  pulleys,  which  are  about  one-half  inch  apart.  The  idler 
serves  to  take  up  slack  in  belt  and  also  gives  belt  more  pulling 
space  on  dynamo.  In  addition  to  the  floor  space  gained,  it  was 
found  that  there  was  also  a  saving  of  25  horse-power,  which  was 
used  to  run  line  shafting. 

O.  N.  BuNDY,  Elmira.  N.  Y. 


G 

GENERATORS,  STATION  INSTRUMENTS,  ETC. 

a  1 

To  Haiiitam  Approximately  Constant  Voltage  When  Throwing 
One  or  Hore  Ckneraton  In  or  Out  When  Operating  in 
Parallel  With  a  Generator  Having  the  Same 
Source  of  Exciting  Current 
As  the  exciters  here  are  driven  by  a  small,  independent  tur- 
bine, we  have  found  that  in  switching  on  the  field-current  of  a 
second  generator,  though  with  all  rheostat  resistance  in  circuit. 


Diagram 


a  ver>-  objectionable  disturbance  is  made  in  exciter  speed  and 
voltage,  and,  in  spite  of  the  best  possible  switchboard  attendance, 
in  the  voltage  on  iirst  generator.  Besides  this,  we  consider  that 
in  the  case  of  having  the  second  generator  connected  to  a  sepa- 
rate line  and  sets  of  transformers,  it  is  objectionable  to  have  so 
large  a  percentage  of  full  voltage,  as  is  thus  obtained,  switched 
on  suddenly. 

To  overcome  this  difficulty,  we  use  a  water-rheostat  connected 
to  a  double-throw  switch,  as  per  diagram,  so  that  it  may  be  in- 
serted in  a  field-circuit  of  either  of  two  generators  or  be  short- 
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circuited.  We  thus  obtain  a  very  gradual  rise  in  voltage  from 
zero  to  normal,  and  a  gradual  decrease  from  normal  to  zero,  in 
starting  up,  or  closing  down  a  second  generator,  line,  and  set  of 
transformers,  without  objectionable  disturbance  of  voltage  on  first 
unit,  and  with  a  minimum  of  potential  strain  on  second  outfit. 

G.  Hartman,  St.  Gabriel,  P.  Q. 
0  2 

« 

A  Method  of  Bepairing  Damaged  Iniulation  Between  Damaged 

Commutator  Ban 

A  commutator  trouble  that  sometimes  worries  the  curators 
•  of  direct-current  generators  and  motors  is  a  short-circuit  between 
adjacent  commutator  bars,  which  gradually  bums  down  deeply 
into  the  mica  insulation,  and  ends  eventually  in  a  bum-out  of  a 
sectiou  of  the  armature  winding.  The  trouble  may  disappear  for 
a  short  time  if  the  burned  insulation  is  scraped  away,  but  carbon 
dust  from  the  brushes  soon  accumulates  and  bridges  across  from 
bar  to  bar,  and  the  difficulty  continues. 

A  permanent  cure  may  be  effected  by  digging  out  all  the 
dirt  and  burned  mica  and  filling  the  cavity  with  a  thin  paste  com- 
posed of  litharge  and  glycerine.  The  commutator  should  then 
be  heated  at  this  point  with  a  soldering  iron  or  Wow  torch,  baking 
the  paste  to  a  hard  compound,  which  can  be  filed  off  smooth  and 
even  with  the  commutator  surface. 

It  is  very  essential  to  absolutely  remove  the  short-circuit 
before  applying  the  paste,  and  it  is  best  to  disconnect  one  of  the 
bars  from  the  armature  winding  and  test  across  the  insulation, 
using  a  voltmeter  or  incandescent  lamp  as  an  indicator.  Holes 
three-quarters  of  an  inch  deep  have  given  no  trouble  since  receiv- 
ing this  treatment. 

Cleveland  Electric  III.  Co. 

G  3 

Protecting  Standard  Indicating  Instmments 

Primary  indicating  standard  instruments  used  for  checking 
working  standards  on  meter  test  racks  are  in  one  instance  well 
protected  from  stray  magnetic  fields  and  from  mechanical  injury, 
by  being  supported  each  inside  of  an  iron  box  over  30  inches 
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square.  The  boxes  are  made  of  boiler  plate,  welded  seam,  top 
and  bottom  bolted  tightly  to  side  wall.  A  wooden  partition  hori- 
zontally through  the  box  gives  support  for  the  instruments.  Low- 
candle-power  electric  lamps,  inside  the  boxes,  light  the  instrument 
scales.  A  rectangular  cardboard  tube  painted  a  dull  black,  ex- 
tending from  slightly  over  the  instrument  scale  to  a  slot  in  the 
top  of  the  box,  eliminates  reflection  and  protects  the  eyes  of  an 
observer  from  the  rays  of  the  lamps.  The  boxes  are  mounted  on 
castors  for  ease  in  moving  to  switchboard  type  working  standards 
to  be  checked. 

Cleveland  Electric  III.  Co. 

G  4 

Handy  Oalvanometer  for  Potentiometer  Work 

For  some  time  we  were  bothered  to  get  a  galvanometer  for 
use  with  a  potentiometer  in  a  location  where  there  was  too  much 
vibration  for  a  D^Arsonval  suspension  galvanometer.  The  ordi- 
nary small  pivot  galvanometer  was  not  sensitive  enough  for  the 
work.  We  obtained  a  student's  miscroscope,  removed  the  mirror 
and  table,  and  put  an  extension  on  so  that  the  lenses  could  be 
brought  over  a  pivot  galvanometer.  With  this  arrangement,  which 
is  always  ready  for  use  regardless  of  ordinary  vibration,  we  can 
use  the  potentiometer  for  measurements  to  two-thousandths  of 
one  volt. 

C.  R.  Brown,  Boston,  Mass. 

0  6 

Switchboard  for  Voltmeter  Testing 

The  accompanying  diagram  shows  the  connections  of  a 
switchboard  used  in  connection  with  voltmeter  testing  in  the 
laboratory  of  the  Edison  Electric  Illuminating  Company,  of  Bos- 
Ion,  which  embodies  several  features  that  have  proved  very  useful 
in  facilitating  rapid  work. 

Three  batteries  are  used  as  shown  on  the  left  of  the  diagram. 
The  posts  labeled  "D.  C.  system"  are  for  a  220-volt  charging  cir- 
cuit for  two  of  the  batteries.  Double-pole,  double-throw  switches, 
c  and  d,  when  thrown  to  the  left  charge  the  "old  battery"  and 
*'new  battery,"  the  other  battery  being  charged   from  another 
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board.  When  thrown  to  the  right  they  put  the  batteries  at  the 
service  of  the  operator.  The  two  posts  marked  "standard  meter" 
connect  with  a  direct-current  standard  voltmeter;  an  alternating- 
current  standard  may  be  put  in  on  the  two  posts  marked  "D.  C. 
or  A.  C.  meter."  The  posts  marked  "to  rheostat"  are  connected 
to  the  outsides  of  two  rheostats  placed  in  series,  one  having  a 
resistance  of  1500  ohms  in  30  steps,  and  the  other  having  a  re- 
sistance of  about  100  ohms  in  very  small  steps  for  fine  regula- 
tion. The  insides  of  these  rheostats  are  connected  to  the  posts 
marked  "resistance,"  which,  it  will  be  noted,  connect  with  switches 
a  and  b,  so  that  three  or  six  i6-cp,  iio-volt  lamps  may  be  thrown 
in  series  with,  and  between,  the  two  rheostats.  The  moving  arms 
on  the  rheostats  are  connected  to  the  posts  marked  "from  rheo- 
stat." The  switch  g  is  connected  to  the  potential  transformer  at 
the  top  of  the  board.  This  is  fed  from  a  i  lo-volt  circuit,  and  the 
secondary  taps  give  150,  300  and  600  volts,  respectively,  from  left 
to  right  as  connected  to  g.  Just  below  the  transformer  are  three 
sets  of  three  i6-cp  incandescent  lamps.  The  left-hand  set  is  in 
multiple  and  is  used  in  charging  the  batteries ;  the  other  two  sets 
have  been  referred  to  already. 

In  checking  a  voltmeter  the  procedure  is  as  follows :  To  get 
no  volts,  switch  c  is  thrown  to  the  right,  the  meter  connected  to 
the  posts  as  indicated,  and  the  rheostat  removed  to  the  required 
{x>int  to  give  1 10  on  the  standard,  which  is  a  direct-current  meter. 
Here  switch  e  is  down  and  h  up.  If  we  wish  220,  d  is  thrown  to 
the  right,  e  is  thrown  up  and  either  a  or  &  opened  to  protect  the 
rheostat  against  overload,  and  the  rheostats  adjusted  to  the  proper 
point.  For  600  volts,  switch  h  is  thrown  down  and  a  and  b  are 
opened.  In  all  direct-current  work  switch  /  is  thrown  to  the  left. 
A  reversing  switch  in  the  line  to  the  meter  to  be  checked  will  be 
found  useful. 

This  board  lends  itself  very  well  to  the  checking  of  alternat- 
ing-current meters,  using  a  hot-wire  meter  as  a  standard.  This 
may  be  connected  to  the  posts  marked  "to  D.  C.  or  A.  C.  meter" 
and  the  alternating-current  meter  to  be  checked  connected  to  the 
posts  on  the  left  near  the  battery  posts.  The  hot-wire  meter  may 
be  set  anywhere  by  the  method  given  for  direct-current  meters, 
and  then  by  throwing  /  to  the  right  everything  but  the  direct- 
current  standard  is  cut  over  to  alternating-current,  and  the  trans- 


94 

former  switch  g  can  be  set  to  give  approximately  the  same  voltage 
as  the  batteries  in  use. 

C.  R.  Brown,  Boston,  Mass. 

G  6 

An  Improvised  Voltmeter  Multiplier 

An  occasion  came  up  some  time  ago  to  measure  a  370-volt 
circuit;  no  voltmeter  of  sufficient  capacity  was  at  hand.  A  150- 
volt  voltmeter  was  connected  in  series  with  the  resistance  box  of 
a  Wheatstone  bridge,  and  plugs  were  pulled  out  until  the  resistance 
was  twice  that  of  the  voltmeter,  the  voltmeter  thus  indicating  one- 
third  the  applied  voltage.  These  standard  resistance  boxes  are 
wound  non-inductively,  and  can  be  used  in  connection  with  either 
direct  or  alternating  currents.  It  has  also  been  used  to  increase 
the  range  of  indicating  wattmeters  and  is  very  handy,  since  any 
degree  of  multiplication  can  be  obtained. 

J.  F.  DosTAL,  Denver,  Colo. 

G  7 

An  Ohm-Heter 

The  instrument  here  described,  we  find  to  have  considerable 
advantage  for  any  approximate  tests  to  determine  resistance ;  for 


ohm-meUr 


R  C,  ci^Uit 


Diagram  of  Connection 


example,  meter  armatures,  meter  compensating  coils,  arc-lamp 
shunt  coils,  et  ccrtera. 
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It  consists  of  sm  ofd  voltmeter  with  its  scale  calibrated  to  read 
in  ohms  insttad  of  volts. 

In  the  diagram  it  will  be  seen  that  the  resistance,  r,  the  value 
of  which  we  desire  to  learn,  is  placed  in  series  with  the  volt- 
meter, and  of  course  reduces  the  deflection  by  an  amount  propor- 
tional to  the  magnitude  of  r. 

We  effect  the  calibration  of  the  instrument  by  using  a  Wheat- 
stone  bridge  and  plugging  out  the  desired  values  of  r.  For  ap- 
proximate work  it  is  a  great  time-saver  over  the  use  of  the  bridge. 

S.  R.  Inch,  Missoula,  Mont. 

0  8 

Testing  Direct-Current  Meters  by  Use  of  Electroplating  Dynamo 

In  testing  direct-current  meters  on  various  loads,  we  have 
found  it  very  satisfactory  to  use  an  electroplating  dynamo,  with 
capacity  of  150  amperes  and  five  volts.  The  terminals  of  this 
dynamo  are  short-circuited  through  the  series  coils  of  the  meter, 
and  a  resistance  in  the  shunt  windings  of  the  field  governs  the 
load.  One  side  of  the  regular  line  is  connected  to  one  terminal 
of  the  dynamo,  and  the  other  is  connected  to  the  regular  shunt 
connection  of  the  meter,  thus  giving  the  required  voltage  across  the 
shunt  on  the  meter.  The  electroplating  dynamo  is  run  by  a 
single-phase  induction  motor.  By  this  method  we  are  able  to  get 
any  desired  load  up  to  200  amperes  by  taking  comparatively  little 
load  off  the  line. 

Thomas  S.  Richardson,  Denver,  Colo. 

0  9 

Testing  Armatures  for  Open-Circuit  Coils  in  Thomson  Becording 

Wattmeter 

Use  an  incandescent  lamp  of  approximately  16  candle-power 
and  1 10  volts  alternating  current  in  series  with  a  relay,  and  these 
in  series  with  the  coil  being  tested.  If  the  circuit  is  complete  the 
vibrations  of  the  armature  will  indicate  it.  Saving  in  time  and 
increased  facility  in  making  this  test  are  considerable  when  a  num- 
ber of  meters  are  in  the  repair  department.  This  may  be  prac- 
ticed by  some  companies,  but  I  know  it  is  not  universally  applied. 

The  Wilmington  City  Elec.  Co. 
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G  10 

A  Cheap  and  Convenient  Oil  Fuse 

An  ordinary  General  Electric  primary  cut-out,  inverted  and 
filled  with  oil,  makes  a  very  good  oil  fuse  for  moderately  high 
voltages. 

H.  S.  Russell^  Denver,  Colo. 

G  11 

A  Handy  Light  for  Night  Testing 

A  handy  arrangement  for  reading  instruments  at  night,  when 
testing  transformers  and  locating  trouble,  was  made  by  taking 
an  incandescent  lamp  out  of  a  Christmas-tree  set  and  fastening 
to  a  swinging  bracket  mounted  on  a  lap  board  large  enough  to 
hold  the  instruments  and  record  book.  The  current  was  supplied 
by  twelve  dry  cells  connected  in  series  and  mounted  in  a  box  car- 
ried in  the  bed  of  the  wagon  and  connected  to  the  lamp  by  lamp 
cord.  This  set  has  been  in  use  for  several  months,  and  the  bat- 
teries do  not  run  out  like  those  of  the  hand  flash-light  sets. 

J.  F.  DosTAL^  Denver,  Colo. 

G  12 

Interconnection  of  Feeder  Systems 

In  remedying  the  chaotic  condition  of  affairs  in  Schenectady 
by  placing  the  feeders  in  the  business  portion  underground,  we 
have  been  compelled  to  so  connect  our  various  feeders  that  one 
feeder  may  furnish  current  for  the  one  adjoining  it  in  our  system 
of  distribution.  This  was  made  necessary  by  the  fact  that  the 
system  of  feeding  from  our  old  station  was  overhead,  while  the 
system  at  our  new  station  was  underground.  It  became  necessary 
to  start  our  new  station  before  our  underground  system  was  com- 
pleted, and  we  were  therefore  compelled  to  place  current  on  our 
primary  underground  feeders  in  order  to  supply  our  overhead 
system  from  the  pole  taps  carried  in  the  cable  boxes  at  various 
locations. 

After  we  had  completed  the  connections  between  our  primary, 
three-phase  underground  and  overhead  feeders,  and  had  placed 
them  in  operation,  we  began  to  interconnect  our  overhead  system 
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by  carrying  the  three  phases  of  the  overhead  system  from  some 
point  near  the  cable  box  to  some  point  accessible  to  the  three- 
phase  overhead  system  of  an  adjacent  feeder  in  our  system  of  dis- 
tribution. These  interconnecting  leads  were  in  some  instances  a 
part  of  one  of  the  two  feeder  systems  to  be  connected,  and  in  most 
cases  it  was  only  necessary  to  run  a  third  wire  and  extend  6ur 
single-phase  lighting  primary  in  order  to  give  us  this  three-phk^e 
accommodation. 

Where  the  two  feeder  systems  were  brought  together  we  used 
an  expulsion  type  of  fuse  box,  testing  out  the  leads  to  be  placed 
in  these  fuse  boxes  with  a  potential  transformer  in  order  to 
bring  the  proper  phases  of  the  two  feeders  into  the  same  fuse 
box.  As  the  drop  in  our  feeder  system  during  the  day  is  very 
slight,  we  cut  out  our  feeder  regulators,'  the  voltage  on  all  feeders 
being  practically  the  same.  By  this  arrangement  you  will  notice 
it  was  possible  for  us  to  feed  our  overhead  system  of  distribution 
from  an  adjacent  feeder  during  the  time  of  light  day  load  by  plug- 
ging in  the  fuses  mentioned  and  pulling  off  the  Underground 
feeder  from  any  given  section  from  which  we  desired  to  work, 
^his  has  made  it  possible  for  us  to  make  our  proper  primary  under- 
ground taps  and  connections,  and  develop  our  underground  sys- 
tem and  still  continue  feeding  from  our  new  station. 

In  the  business  sections  of  the  city  we  continued  to  supply 
current  from  our  overhead  secondary,  which  in  turn  was  supplied 
with  current  from  our  overhead  primary,  which  received  its  cur- 
rent in  turn  from  the  underground  primary  system.  Each  day 
we  fed  this  overhead  system  from  an  adjacent  feeder  and  cleared 
the  underground  primary  feeder  in  the  business  sections,  thus 
being  able  to  continue  work  regularly  on  our  underground  system 
of  primary  and  secondary  feeders. 

As  all  of  our  feeder  systems  are  fed  from  one  common  2300- 
volt,  three-phase  'bus,  it  made  it  possible  for  us  to  place  these 
feeders  in  multiple  by  testing  out  the  phase  with  a  potential  trans- 
former of  about  50  watts  capacity,  using  a  lamp  on  the  secondary 
of  the  same.  We  find  this  a  niuch  better  and  safer  method  of 
phasing  our  lines  than  the  old  method  qf  using  a  long  piece  of 
fuse  and  a  stick. 

L.  O.  Ripley^  Mgr.  Schenectady  Illuminating  Co. 
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Two-Phase,   400-Volt   Senrioe  from   a   Four-Wire,   Three-Fhaie 

System 

In  a  case  where  service  was  desired  by  the  owners  of  an 
isolated  plant,  which  had  broken  down,  the  following  method  of 
rendering  400-vdt,  two-phase  service  from  a  four-wire,  three- 
phase  system  was  employed: 

It  being  an  emergency  case,  and  the  load  being  approximately 
400  kilovolt  amperes,  it  was  necessary  to  accomplish  the  result 
by  the  use  of  eight  50-kilowatt  standard  lighting  transformers, 
four  of  which  had  a  ratio  of  10  to  i,  with  208-volt  secondaries, 
and  the  other  four  a  ratio  of  9  to  i  with  230-volt  secondaries. 
Following  the  usual  Scott  system  of  transformation  from  three- 
phase  to  two-phase,  the  scheme  of  connections  shown  in  Figure  i 
was  worked  out  on  the  basi^  of  using  two  transformers  in  series 
on  both  primary  and  secondary.  The  normal  primary  voltage  be- 
ing 2080  froin  neutral  to  either  phase  wire,  and  3600  between  the 
phase  wires,  it  was  necessary  to  use  two  2080-volt  windings  in 
series  on  the  primary  side.  The  voltage  of  the  motors  being  400, 
it  was  likewise  necessary  to  connect  the  secondaries  in  series.  In 
order  to  secure  approximately  400  volts  on  each  of  the  secondary 
phases,  it  was  necessary  that  the  primary  pressure  be  about  4160. 
The  pressure  was  obtained  by  inserting  boosters  in  the  three- 
phase  line. 

After  connecting  the  transformers  as  shown  in  Figure  i,  volt- 
meter readings  were  taken  without  load.  These  readings  indicated 
approximately  400  volts  on  the  transformers  between  the  A  and  C 
phases,  but  a  somewhat  lower  pressure  on  the  transformers  con- 
nected from  the  B-phase  to  the  mid-point  between  the  other  two 
transformers.  Upon  attempting  to  start  a  5-hp  motor,  the  voltage 
on  the  vertical  phase  fell  back  almost  to  zero,  while  that  on  the 
horizontal  phase  was  but  very  little  changed. 

On  connecting  a  separate  transformer  from  the  mesh  point  O 
to  the  three-phase  wires  A,  B  and  C,  respectively,  it  was  found 
that  the  point  O  assumed  a  position  about  equivalent  to  that  rep- 
resented at  O'  on  the  small  diagram.  It  was  therefore  impossible 
to  render  any  service  with  this  scheme  of  connections. 

A  theoretical  analysis  of  the  phenomena  involved  seemed  to 
indicate  that  the  trouble  was  due  to  the  fact  that  the  current  which 
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passed  from  the  B-phase  to  the  A  and  C  [^ases  was  chcrfced  by 
the  impedance  of  the  two  transformers  connected  between  A  and 
C.  These  transformers  offered  an  impedance  to  this  current  be- 
cause of  the  fact  that  their  windings  were  not  on  the  same  mag- 
netic circuit,  as  is  the  case  in  the  usual  method  of  phase  trans- 
formation. 

It  was  therefore  necessary  to  ad<q)t  the  scheme  of  connections 
shown  in  Figure  2,  in  which  the  two  10  to  i  transformers  were 


Fig.  3— Transfosmers  in  Place 

connected  in  parallel  from  S-phase  to  the  neutral  wire  of  the  four- 
wire  line,  and  the  two  9  to  i  transformers  were  connected  from 
the  A  and  C  phases,  respectively,  to  the  neutral.  The  secon- 
daries of  the  B-phase  transformers  were  put  in  series  to  get  400 
volts  and  the  230-voIt  secondaries  of  the  other  two  were  com- 
bmed  in  a  similar  manner.  The  primary  voltages  were  such  in 
this  case  that  it  was  unnecessary  to  install  boosters,  which  would 
have  been  required  in  the  other  scheme  of  connections.     This 
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scheme,  however,  unbalanced  the  three-phase  line  in  the  following 
ratios : 

A, , •. .     57.7  amperes 

B 100     amperes 

C 57.7  amperes 

The  company  supjjying  current  not  being  provided  with 
meters  designed  for  440-volt  service,  the  mid-p(Mnts  of  the  two- 
phase  windings  were  tied  together,  as  shown  in  the  small  diagram 
in  Figure  2,  and  the  secondary  neutral  thus  formed  was  carried 
into  the  building  to  act  as  a  pressure  wire  for  the  meters.  Two 
sets,  consisting  of  four  5okw  transformers  each,  were  connected 
as  shown  in  Figure  2  to  carry  the  load. 

The  installation  was  mounted  on  a  platform  15  feet  above 
ground,  which  was  supported  on  three  poles  placed  about  12  feet 
apart,  the  entire  work  of  setting  poles,  mounting  transformers 
and  extending  primary  line  500  feet  being  finished  in  about 
twenty-four  working  hours. 

H.  B.  Gear,  Chicago,  111. 
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STORAGE  BATTERIES 

H  1 

Method  for  Bracing  Wooden  Tanks  of  Storage-Battery  CdU  That 

Have  Kotted  Out  at  the  Comers 

Large  porcelain  insulators,  such  as  are  used  for  indoor  wir- 
ing, were  driven  in  between  cells  where  wood  had  just  started, 
and  if  necessary  wedged  in  place  by  thin  wooden  wedge.  Tanks 
braced  in  this  manner  are  insulated  from  each  other,  as  would 
not  be  the  case  if  wooden  wedges  alone  had  been  used. 

Cleveland  Electric  Illuminating  Co. 

H  2 

Storage-Battery  Test  of  Materials  for  Protecting  Copper  'Bus 

Work  in  Battery  Booms 

Strips  of  sheet  copper  about  0.75  inch  wide  and  six  inches 
long  were  coated  with  protecting  material  to  be  tested  and  sus- 
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pended  in  a  bath  of  sulphuric  acid  (1.2000  specific  gravity)  so 
that  they  were  only  partially  immersed  in  the  acid.  A  portion 
of  the  upper  part  of  strip  was  purposely  left  bare  to  observe 
effect  of  acid  fumes. 

After  remaining  in  the  acid  for  one  month  the  strips  were 
removed  and  examined. 

Their  condition  was  as  follows: 

(a)  Strips  coated  with  vaseline;  showed  no  signs  of  corro- 
sion or  sulphating.  Coating  in  as  good  condition  as  when  first 
applied. 

(b)  Strip  coated  with  tar;  was  in  the  second-best  condition  of 
any  strip,  as  no  sulphate  was  formed  on  that  part  of  the  strip 
not  immersed  in  the  acid,  but  one  edge  of  the  immersed  portion 
was  sulphated  about  one-third  of  its  length. 

(c)  Strip  coated  with  shellac;  was  third  best;  one  edge,  how- 
ever, had  peeled  off,  allowing  the  acid  to  attack  copper.  A  por- 
tion of  the  unprotected  copper  about  one-half  inch  wide  was 
badly  sulphated. 

(d)  Strip  coated  with  paraffin;  most  of  the  immersed  portion 
of  the  strip  was  not  sulphated,  but  from  one-half  inch  below  the 
surface  of  the  acid  to  the  top  of  the  strip  was  badly  sulphated. 

(e)  Strip  coated  with  graphite  paint  gave  results  similar  to 
paraffin. 

(f)  Strip  coated  with  heavy,  viscous  petroleum  cylinder  oil; 
badly  sulphated  entire  length. 

Vaseline  was  the  only  substance  that  stood  the  test,  but  is 
not  entirely  satisfactory  as  a  protective  on  account  of  its  pasty 
nature. 

Experiments  were  carried  out  with  mixtures  of  vaseline  and 
paraffin,  the  latter  substance  acting  as  a  hardening  material.  It 
was  found  that  if  over  30  per  cent  by  weight  of  paraffin  was 
used  the  coating  cracked  slightly  and  did  not  adhere  properly 
to  the  copper.  'Bus  work  was  painted  with  mixture  of  20  per 
cent  paraffin  and  80  per  cent  by  weight  of  vaseline,  and  after 
three  months*  use  the  coating  is  apparently  as  good  as  ever.  Dust 
and  moisture  can  be  removed  by  a  soft  cloth  without  injuring 
coating. 

Cleveland  Electric  Illuminating  Co. 
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Beoharsii^  Flaahlis^ht  Batteries 
In  our  meter-readers'  room  are  terminals  of  the  22o-volt 
direct  current,  with  three  50-cp,  rio-voh  incandescent  lamps  in 
series  for  recharging  batteries. 

By  placing  the  batterj'  across  these  terminals  for  one  or  two 
minutes  it  is  then  ready  for  service  again.  This  prolongs  the 
useful  life  of  the  battery  at  least  lOO  per  cent,  in  this  way  cut- 
ting down  the  maintenance  on  flashlights  to  a  considerable  ex- 
tent. 

H.  S.  Russell,  Denver,  CcJo. 


I 
MISCELLANEOUS 

II 
Soiled-Waste  Cleaner 
I  think  the  drawing  of  a  soiled-waste  cleaning  arrangement, 
which  1  have  found  very  good  in  my  plant,  will  explain  itself. 


Wastk  Clrankr  and  Connection 


We  use  a  galvanized  tub  to  which  is  connected  a  half-inch  steam 
pipe,  and  when  the  dirty  waste  is  put  in  we  mix  with  it  a  box 
of  pcarline;  after  it  has  boiled  for  a  few  hours  the  waste  is  taken 
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out  and  run  through  a  clothes  wringer,  which  puts  it  in  very 
good  shape  for  use. 

I  do  not  know  whether  this  is  a  novel  scheme  or  not,  but  I 
offer  it  for  what  it  is  worth. 

A.  R.  Smith,  Demopolis,  Ala. 

12 

Cleaning  Waste  and  Bags 

We  separate  out  all  the  oil  and  a  portion  of  the  dirt  in  the 
waste  and  rags  by  means  of  a  centrifugal  washing  machine.  A 
machine  of  this  type  can  soon  be  made  to  pay  for  itself,  which 
we  have  found  out  from  actual  use. 

G.  H.  CusHMAN,  San  Antonio,  Tex. 

13 

The  Washing  of  Waste  and  Wiping  Cloths 

About  a  year  and  a  half  ago  we  bought  an  oil  press  to  press 
the  oil  out  of  waste,  and  after  some  experimenting  we  bought  a 
small-sized  washing  machine,  such  as  is  used  in  a  steam  laundry, 
connecting  it  up  with  steam  and  water  and  running  the  same  by 
the  use  of  a  3-hp  motor  we  had  on  hand.  We  now  wash  all  of 
the  waste  and  wiping  cloths  used  by  running  the  machine  for 
about  two  hours  once  a  week.  We  use  a  washing  soap  called 
*Takeanap,"  and  some  washing  soda  with  it,  and  make  quite  a 
saving  over  buying  new  waste. 

C.  E.  Inman,  Warren,  Ohio. 

14 

Installing  Apparatus  on  Second  Floor  as  Protection  from  Floods 

In  planning  an  alternating-current  substation  in  a  location 
subject  to  possible  flooding  from  a  nearby  stream  due  to  freshets 
it  was  found  that  a  saving  of  10  per  cent  in  the  cost  of  the  build- 
ing could  be  made  by  installing  all  apparatus  on  the  second  floor, 
approximately  12  feet  above  the  street  level,  thereby  saving  the 
waterproofing  that  would  be  necessary  if  apparatus  were  placed 
on  the  lower  floor. 

Leonard  L.  Elden. 
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Single^Fhase   Commercial   and  Series   and   Incandescent  Street 

Lighting  from  One  System 

It  became  necessary  to  supply  single-phase  commercial  and 
series  incandescent  street-lighting  service  to  a  small  suburban 
town  a  number  of  miles  from  the  substation.  The  returns  pos- 
sible were  so  small  that  it  was  not  profitable  to  install  two  wires 
for  each  circuit,  and  therefore  three  were  installed,  two  of  which 
were  for  the  commercial  single-phase  service  and  the  third  for 
the  street-lighting  circuit,  one  of  the  wires  of  the  commercial  cir- 
cuit being  used  for  the  return  wire  of  the  street-lighting  circuit. 
The  only  disadvantage  to  this  scheme  was  the  fact  that  the  street- 
lighting  circuit  was  alive  during  the  day,  but  this  proved  to  do 
no  harm,  and,  as  it  was  necessary  to  work  on  the  street  lines,  a 
switch  was  installed  on  a  pole  in  the  district  supplied,  which 
opened  the  street-lighting  wire  attached  to  the  commercial  cir- 
cuit, thereby  killing  the  street-lighting  system  and  making  it  safe 
to  work  on. 

Leonard  L.  Elden. 
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Kemedy  for  Blowing  of  Fuses  on  Overloaded  Transformers 

Two  years  ago  eight  30-kw  transformers  were  tied  into  a 
common  secondary  supplying  the  business  portion  of  the  town. 
One  night  during  the  peak  of  the  load  one  transformer  blew  a 
fuse,  thus  throwing  the  load  onto  the  adjacent  transformers; 
these,  in  turn,  blew  their  fuses  on  account  of  the  additional  load, 
and  in  less  than  a  minute  all  eight  transformers  were  out  of 
service,  leaving  the  business  section  of  the  city  in  darkness. 

The  next  day  circuit-breakers  were  put  in  on  the  secondaries 
between  transformers,  and  no  trouble  has  since  been  experienced. 
To  save  the  drop  in  copper  the  various  sections  were  tied  together 
with  7S-ampere  fuses. 

Leonard  L.  Elden. 
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Xethod  for  Preventmg  DettruotioiL  of  Lead  Coreringt  of  Cablet 

at  Drawbridge  Croetingf 

A  method  used  to  prevent  destruction  of  lead  coverings  of 
cables  where  they  enter  and  leave  the  water  at  drawbridge  cross- 
ings in  locations  where  large  quantities  of  direct-current  railroad 
return  currents  are  flowing  in  approximately  the  same  directions 
as  the  cables  are  laid  has  been  to  install  a  large  bare  conductor, 
say  1,000,000  circular  mils,  in  the  water  across  the  drawbridge 
or  channel  and  bond  it  thoroughly  to  all  the  cables  on  each  side 
of  the  channel  at  a  point  well  above  the  water  line  of  the  highest 
tide.  This  has  entirely  obviated  the  relatively  rapid  destruction 
of  the  lead  coverings  of  lighting  and  transmission  cables  from 
currents  of  the  street-railroad  company. 

Leonard  L.  Elden. 

18 

Broken  Water  Pipe— How  to  Fix  Temporarily 

I  have  found  from  experience  that  General  Electric  splicing 
gum,  with  a  good  covering  of  Acme  friction  tape,  will  hold  a 
broken  water  pipe  until  it  can  be  permanently  mended. 

F.  M.  Laxton,  Atlanta,  Ga. 

19 
Thawing  Water  Pipes 

In  thawing  frozen  water  pipes  about  the  plant  we  have  found 
that  a  one-inch  galvanized-iron  pipe  is  readily  thawed  by  a  current 
of  250  amperes,  but  a  section  of  1.5-inch  pipe  gave  us  trouble,  as 
it  required  more  current  than  we  could  safely  supply  with  the 
means  at  hand. 

To  furnish  a  conductor  of  higher  resistance  four  No.  10  iron 
wires  were  wrapped  in  a  one-sixteenth-inch  asbestos  sheet, 
doubled,  bound  to  the  pipe  and  the  latter  packed  as  before;  in 
this  case  it  was  convenient  to  attach  one  end  of  the  wires  to  the 
pipe  and  use  it  as  a  return.  We  can  now  thaw  the  pipe  with  about 
100  amperes.  The  asbestos  is  sufficiently  good  insulation  as  re- 
gards electricity  and  a  sufficiently  good  conductor  as  regards 
heat. 
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In  using  this  method  care  must  be  taken  that  each  wire  car- 
ries its  share  of  current  and  that  the  wires  are  not  overheated; 
in  any  case  it  is  wise  to  watch  any  combustible  material  about 
the  pipe.  G.  Hartman,  St.  Gabriel,  P.  Q. 

110 
Reactance  CoU  for  Thawing  Frozen  Water  Fipei 
The  illustration  herewith  shows  a-  "home-made"  reactance 
coil  that  we  have  used  with  great  success  this  winter. 


Reactance  Coil 

There  are  i8o  turns  of  No.  2  B.  &  S,  gauge  wire  in  the  coil, 
wound  with  two  No.  2  wires  in  multiple,  so  that,  as  generally 
used,  the  coil  is  equivalent  to  90  turns  of  No.  00  wire.  The  wire 
is  wound  on  a  piece  of  wood  stave  pipe  with  a  three-inch  bore, 
and  the  core  consists  of  a  large  number  of  pieces  of  No.  10  iron 
wire  bound  together  with  marline. 
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The  total  cost  of  this  coil,  material  and  labor  was  $8.00,  and 
it  gave  us  sufficient  range  to  thaw  out. pipes  varying  from  0.75- 
inch  to  4-inch  with  currents  varying  from  loo  to  400  amperes. 
In  nearly  all  instances  two  to  five  minutes  were  sufficient  to  thaw 
pipe. 

S.  R.  Inch,  Missoula,  Mont. 
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Trimming  Municipal  Arc  Lamps 

We  find  a  trimmer's  cart  drawn  by  a  horse  very  economical,, 
inasmuch  as  it  requires  only  one  man  to  trim  our  lamps,  at  the 
same  time  replacing  all  outer  globes  that  may  be  broken,  and 
cleaning  all  inner  globes.  The  cart  is  so  arranged  that  it  will  hold 
106  inner  globes  and  three  outer  globes.  Our  lamps  are  General 
Electric,.  Form  3,  6.6-ampere,  series-alternating,  furnished  by  50- 
light  tub  transformers.  From  April  i  to  November  i  the  lamps 
require  new  trimming  every  seven  days,  and  from  November  i  to 
April  I,  the  nights  being  longer,  they  require  trimming  every  six 
days.  Hence  the  trimmer  has  to  make  a  complete  round  on  all 
circuits  in  seven  days  during  the  summer-time,  trimniing  about 
90  lamps  per  day,  and  during  the  winter-time  trimming  about  95 
lamps. 

The  trimmer,  having  made  his  cart  ready  the  evening  before, 
makes  his  start  at  seven  o'clock  in  the  morning,  completing  his 
day's  trimming  in  five  to  seven  hours,  then  returning  to  the  elec- 
tric station  and  washing  all  the  inner  globes  removed  from  the 
lamps,  and  putting  them  on  the  dripping  rack  to  dry ;  then  he  takes 
the  globes  that  were  washed  the  previous  day  and  puts  on  bottom- 
carbon  holders  and  inserts  bottom  carbons.  He  then  proceeds  to 
arrange  his  cart  ready  for  the  next  day's  trimming. 

R.  A.  Ham  MACK,  Montgomery,  Ala. 

I  12 

To  Prevent  Inner  Globes  from  Melting 

We  had  much  trouble  with  the  meltingof  inner  globes  on  our 
arc  lamps,  and  decided  that  it  was  due  to  the  :globes  being  too 
thin.    We  now  use  inner  globes  having  a  thickness  of  ,09  of  an 


inch,  this  thickness  to  show  on  top  and  bottMn  edges  o£  the  globes, 
and'  we  now  have  practically  no  trouble  from  this  cause. 

P.  C.  Brown,  Brookline,  Mass. 

I  13 
An  Apparatus  for  tbe  Bapid  AnaljraiB  of  Flae  Oues' 
The  analysis  of  flue  gases  as  ordinarily  conducted  with  the 
D'Orsat  or  Hempel  apparatus  requires  considerable  time,  if  ac- 
curate results  are  to  be  obtained,  so  the  apparatus  presented  here 
was  designed  to  enable  analyses  to  be  made  more  quickly.  The 
essential  feature  is  the  introduction  of  the  gas  in  the  re-agents  in 


a  finely  divided  stream  at  the  bottom  of  the  absorption  pipettes, 
so  that  it  bubbles  through  the  liquid  and  consequently  comes  im- 
mediately into  intimate  contact  with  it. 

A  is  the  leveling  bulb;  B  is  the  measuring  tube  which  is 
water-jacketed;  C  is  the  first  absorption  pipette,  in  which  caustic 
potash  is  used  to  absorb  carbon  dioxide ;  D  is  the  second  absorption 
pipette,  in  which  potassium  pyrogallate  is  used  to  absorb  oxygen, 
and  E  is  the  third  pipette,  in  which  cuprous  chloride  is  used  to 
absorb  carbon  monoxide ;  F  is  the  inlet  cock ;  G  is  the  header ;  H 
is  the  inlet  cock  to  one  of  the  absorption  pipettes,  and  /  is  the 
outlet  cock  to  one  of  the  absorption  pipettes. 


no 

The  method  of  analysis  is  as  follows:  A  sample  of  gas  is 
drawn  in  through  the  cock  F,  along  the  header  G  to  the  measuring 
tube  B  by  lowering  the  leveling  tube  A,  A  little  more  than  lOO 
cubic  centimeters  are  taken  in.  The  leveling  tube  A  is  then  raised 
so  that  the  water  in  it  is  even  with  the  zero  mark  on  the  measur- 
ing tube  B,  and  the  cock  F  is  open  for  an  instant,  so  that  the  gas 
in  the  tube  B  comes  to  atmospheric  pressure.  The  cock  F  is  then 
closed,  and  the  tube  B  contains  lOO  cubic  centimeters  of  gas  at 
atmospheric  pressure.  Cock  /  is  then  opened,  and  the  bulb  A  is 
slightly  raised,  so  that  about  three  cubic  centimeters  of  gas  is 
transferred  to  the  pipette  C.  This  is  done  to  clear  the  capillary 
tube  at  the  top  of  C  of  the  re-agent.  The  cock  I  is  then  closed 
and  the  cock  H  is  opened  and  the  rest  of  the  gas  bubbled  in 
through  it  at  the  bottom  of  the  pipette.  When  the  gas  is  all  in, 
the  re-agent  is  drawn  back  into  the  capillary  leading  from  the 
bottom  of  C  to  H,  and  the  cock  H  is  closed.  The  cock  /  is  now 
opened,  and  the  gas  is  drawn  back  through  it  into  B  by  lowering 
A.  The  cock  /  is  then  closed  and  the  gas  in  B  measured  in  the 
usual  way.  This  operation  is  repeated  in  the  pipette  C  until  there 
is  no  further  absorption.  The  gas  is  then  transferred  to  D  and  E 
4nd  the  same  process  repeated. 

If  care  is  taken  at  the  close  of  each  analysis  to  see  that  the 
cocks  are  greased  with  vaseline,  there  will  be  no  trouble  from 
the  tendency  to  stick,  which  has  been  frequently  advanced  against 
the  use  of  glass  cocks  in  gas-analysis  apparatus. 

W.  B.  TuTTLE^  Long  Branch,  N.  J. 

I  14 

Kecording  Voltmeter  on  Electrolysis  Survey 

In  taking  a  series  of  measurements  for  current  flowing  in 
gas  or  water  mains,  and  of  pressures  between  car  track  and  mains, 
it  is  desirable  to  have  a  continuous  record  of  the  pressure  between 
track  and  main  at  some  particular  point  for  reference  and  com- 
parison. A  Bristol  recording  voltmeter  may  be  used  for  this  pur^i 
pose.  A  resistance  may  be  inserted,  such  as  to  bring  the  record 
in  a  convenient  part  of  the  scale,  and  the  instrument  recalibrated 
with  this  resistance. 

J.  M.  Weed,  Denver,  Colo. 
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TTsing  a  110-Volt  Meter  on  220-Volt  Circuit 
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iio-VoLT  Meter  and  Connections 


Enclosed  find  rough  sketch  of  scheme  that  works  all  right 
when  you  want  to  meter  a  load  on  a  220-volt  circuit,  and  have 
nothing  but  a  no- volt  meter  in  stock.  Run  the  line  through  the 
field  of  the  meter  in  the  usual  manner,  and  the  other  side  of  the 
line  goes  to  the  lamp.  Then  for  the  shunt  tap  bring  a  wire  from 
the  centre  line,  or  the  no-volt  side,  and  you  are  all  right  by  using 
a  constant  of  (2).  H.  E.  Ryder,  Marlborough,  Mass. 

(Through  an  oversight,  the  following  schedule  of  rates  was  omitted 
from  Wrinkle  A  8.     It  should  have  appeared  on  page  24. — Editor. 
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For  underground,  aerial,  submarine,  switchboard 
and,  in  fact,  general  use,  where  an  insulated  wire  is 
required,  it  has  no  equal. 

This  is  the  unanimous  opinion  of  Electrical  Engi- 
neers and  Station  Managers  all  over  the  country,  after 
years  of  use  under  the  most  exacting  conditions. 

ONLY  ONE  GRADE  MANUFACTURED 
AND  THAT  THE  BEST 

Therefore,  in  buying  "Okonite"  no  chances  are 
taken  of  being  supplied  with  an  inferior  article  to 
meet  a  "cut"  in  price. 

A  fact  which  cannot  be  too  strongly  emphasized 
is  that  a  low  grade  of  wire  is  not  only  a  source  of 
danger  and  an  annoyance,  but,  in  the  end,  of  far 
greater  expense  than  a  high  grade. 


PRICES  ON  APPLICATION 
Sole  Manufacturers  of  Okonite  Tape,  Manson  Tape, 
Candee    Weather-proof   Wires   and    Candee    Patented 
Pot  Heads. 

THE    OKONITE    COMPANY 

LIMITED 
253    BROADWAY,    NEW   YORK 


THE  ELECTRIC  STORAGE 
BAHERY  COMPANY 


manufachjuer  of  the 
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Cbloribe  Bccumulatot " 


FOR 


Central  Stution  Lighting  and 
Power  Plants 

Isolated  Lighting  and  Power 

Electric   Railway   Power  and 
Sub  Stations 

Telegraph,  Fire  Alarm,  Tele- 
phone, Etc. 

Descriptive  Bulletins  and  Price  Lists  upon  Application 

....  SALES  OFFICES .... 

NEW  YORK  BOSTON  CIIICA60  ST.  UNNS 

100  Broadway       60  State  Str^t       Marqaette  BMf .       Waiawrifht  BMf. 


CLEVELAND  SAN  FRANaSCO 

Cftiieas*  BMf.  Rialto  Bidg.  AllaflMar  Ava.  A  19th  St. 


CANADA 

Caaadiaa  Gaaeral  Electric  Co.,  Ltd. 

Toroato 


HAVANA,  CUBA 

G.  r.  Sreeawood,  Mammwr 

34  Eaipeilrada  St. 
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YOU  KNOW 


THAT  ^ 

COLUMBtA  CARBONS  are  being  used 
in  over  ninety  per  cent  of  the  enclosed  lamps 
in  the  United  Stalest 

Awarded  ''GRAND   PRIZE''    St.    Louis. 

THAT  ^ 

COLUMBtA  BRUSHES  are  in  greater  de- 
mand than  any  other  make — that  they  SAVE 
COMMUTATORS,  are  PERMA- 
NENTLY LUBRICATING,  LOW  IN 
RESISTANCE,  NON-CUTTING,  PRE- 
VENT SPARKING,are  UNEQUALLED 
FOR  OVERLOADED  MACHINES, 
and  OUTWEAR  ALL  OTHERS? 

Awarded  ''GRAND   PRIZE*'    St.   Louis, 

THAT  ^ 

COLUMBIA  DRY  CELLS  are  being  used 
by  nearly  all  of  the  leading  telephone  companies 
in  the  United  States.  That  they  are  unequalled 
for  gas  and  gasoline  engine  ignition^  that  ALL 
CARS  that  broke  **  WORLD'S  TRACK 
RECORDS**  last  season  were  equipped  with 
COLUMBIA  DRY  CELLS? 

Awarded   ''GRAND  PRIZE"    St.    Louis. 


National  Carbon  Company 

CLEVELAND,  OHIO 
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OUR  WW  BUILDING 


134,  136,  188, 140  West  Jaokaon  Blvd. 

CmCAGO 

Largest  Electrical  Supply 
Warehouse  in   the   World 

Electric  Appttance  Company 

CHICAGO   and   SAN    FRANCISCO 


MII/AA|\"  PREPAYMENT 
VI\)\JV     WAHMETERS 

■re  approvad  by  Ui« 

National  Board  of  Fire  Underwriters 

You  aaw  tbMB  at  tba  Coavantlon  at  Denvar 
and   yau    remember    bow   tbey    excelled 


Typa  K  MMar  Typa  W  Mater 

The  number  nf  coins  (o  the  consumer's  credii  is  alwayg 
clearly  shown  upon  the  dial.  A  coin,  once  insened,  cannot  be 
removed  without  breaking  the  seal,  and  openint;  the  monej  box. 
The  coin  for  which  the  meter  was  designed  is  the  only  one  with 
which  it  can  be  operated.  The  switch  opens  the  circuit  at  four 
distinct  points.  The  switch  is  of  the  luminaied  type  designed 
along  the  lines  of  the  modern  circuit  breaker. 


FORT  WAYNE  ELECTRIC  WORKS 

FORT  WAYNE,  INDIANA 


The   Reliable 
Dlehl    Exhaust    Fans 


THEY  ARE  BUILT  FOR  HARD 
SERVICE  AW  WLL  STAND  UP 
UNDER   THE    MOST    SEVERE 
CONDITWNS. ::    t:    :i    :: 
ONCE  USED  ALWAYS  WANTED 


DIEHLMFG.CO. 

EliZAbathport,    N.    J, 

KW  TMW,      M»IOW,      nMAHlPNU 


Electrical  Testing 
Laboratories 


Electrical  Tests  and  StandardUations 


Check  of  Indtoating,  Recording  «od  InteRrattng 
Instruments  and  of  Instrument  Transformers. 

Tests  of  oonductivity  and  tensOe  strength  of  wires 
and  other  conductors. 

High  tension  and  resistance  tests  of  insulators. 

Permeability  and  Hysteresis  measurements  of  iron. 

Oscillograph  and  Wave  Form  measurements. 

Tests  of  drnamos,  motors,  transformers,  rheostats, 
circuit-breakers,  fuses,  etc. 

Inspections  and  Acceptance  Tests  of  conductors. 
Insulators,  instruments,  transformers,  machines 
and  apparatus  generally. 


Pbotometrfc  and  Lamp  Tests 


Measurements  of  distribution  of  light. 

Spectro-photometric  determinations. 

Photometric    and    Life    tests    upon   Incandescent 
Lamps  and  Arc  Lamp  Carbons. 

Secondary  Standards  of  Candle  Power  furnished. 


Special  Investigations  and  Tests 


Our  instrumental  equipment  Is  unusually  complete. 
Our  staff  is  sIciUed  and  reliable.  We  can  supply 
D.  C.  to  160  E.  W.,  A.  C.  to  800  K.  W.,  D  C.  pressure 
to  10,000  volts,  A.  C.  pressure  to  190,000  Tolta,  D. 
C.  or  A.  C.  current  to  4,000  amperes.  All  these  are 
available  for  regular  or  speoal  work  which  will 
be  undertaken  at  reasonable  prices. 


Electrical  Testing  Laboratories 

8»rH  SntEET  aii  EAST  IIYEI,  NEW  TORE,  N.  T. 

-  Telepbooo,  2959  79th  Street  ^_— _    ^ 
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Allis-Chalmers  Co. 

Mawaukee,  Wis.,  U.  S.  A. 


Reynolds 

Vertical  Cross  Compound 
Engines 


Three  8,600  b,  p.  and  Two  8,800  h.p.  Reynoldi  Verticil  Enginea  it  Union  Light 
ind  Tnclion  Co.'s  Pimm,  St.  Louia,  Mo. 

A  very  popular  type  of  Central  Station  Engiine 

Used  by  ouiny  of  the  Utgcst  power 
ttatioos  Ux  this  country  aod  abroad. 


Bullock  Electrical  Apparatus 


Allis-Chalmers  Co. 

Milwaukee,  Wis..  U.  S.  A. 


Complete  Equipments  (or 

Lighting,  Power  and  Traction 


It.  w.  Bollock  Roiarr  Cor 


lock  Roiarr  Convener  limalled  »l  Sub-S 
lawinisan  Water  and  Power  Company. 


Bullock   Rotary   Converters 

Liberal  Design — Graceful  Outlines — 
Large  Overload  Capacity 


Bullock  Electrical  Apparatus 


"SHAWMUT" 

N.  E.  Code  Standard 


ENCLOSED    FUSES,    BASES   AND   FITTINGS 
Bear    TRADE   <rS>   MARK. 


-600  Amp.  -I  l^^  i  Volts         Fuses  have 

^    ^^  *  Black  Tube 

Copper  Finish 

Ste  BulUHn  No,  32, 

CHASE-SHAWM UT  CO. 

NEWBURYPORT,   MASS. 


TRADE  I   ^^a    I  MARK 


ALBERT  &  J.  M.  ANDERSON 

MANUFACTURING   COMPANY 

BOSTON  NEW  YORK  CHICAGO  PITTSBURG 

SWITCH-BOARDS 


1<  •  • 
XVlll 


With   Push-Button 
Control 


OtU  Automatic  Eleva- 
lora  are  partlcularij  adapted 
for  prfTate  reaideDce  service,  aa 
with  our  Improved  Push-Bntton 
ajratem  of  Coatrol,  a  regular  at- 
tendaDt  fa  nnneceBBarf .  tbia  oper- 
atlDg  device  being  so  simple  that 
th«  younger  members  of  tbe 
family  can  manage  tbe  car  with 
entire  aafetj.  Tbe  car  is  under 
tbe  perfect  cootrol  of  tbe  paa- 

Eleratora  abould  be  one  of  the 
first  cODSideratlons  in  planning 
a  new  residence  or  when  re-Bt- 
ting  an  old  odc. 

A  fe<r  years  ago  an  elegant 
residence  without  an  elevator 
would  have  been  tbe  usual  thing, 
bnt  to-day  if  you  will  go  through 
the  resident  or  business  sections 
you  will  And  elevators  lo  be  tbe 
rule,  and  in  nine  cases  out  of  tea 
3  Otltt  ElsTstors. 


OTIS  ELEVATOR  COMPANY 

N*w  TorK   OriU*.    17    B»tt«rr   Flao* 


HAZARD  STANDARD 

Weatherproof  Rubber  Covered 

Wires  and  Cables 


Haxiird   Manufacturing    Company 


WC  BUILD  THE  ECONOMIZER 
WE  BUlU)  THE  FAN 

Ipparatui  rnierinE  inlo  >  GREEN 
FUEL  ECONOMIZES  iDd  ME- 
CHANICAL DRAFTj>}*n.t.».oa\.iaa 
luura  thu  ill  paru  will  be  propor- 
Lfoncd  lo  thcwurVio  be  done.  In  uldi- 


TffE   CSEBN  FUEL    ' 
.MIZER  will  loni  It'  /□  It  IB 

^  y>-r  t»  


E«    and  will  further  lite  your  bailers 
I    Irom  deierioraiion  by  Baiinf  cold 


It   win   fun 


A  MBCHANiCAL  DFA  From&iv^Il  eaiMc  jou  to  uk  the  ECONOMIZES  to  the 
fullen  eitent,  to  burn  tbe  cheapest  gride*  of  (uel.  to  handle  euilr  »ny  ludden  over- 
load on  the  boilei*,  to  get  along  witb  fewer  boiler*,  to  diipcnae  with  in  eipenaiTc 
cbimaer.  id  obtain  all  the  draft  you  want  in  bH  condiliom  of  weather,  to  get  more 
IhorouBh  combuition  and  lo  on  /rji  iiu/. 

It  will  certainly  pa]f  rou  to  write  for  our  Book  "  NA,"  giTiDg  information  o(  value 


Sanderson  tc  Porter 


C  IN  EER8 
CONTRACTORS 

EUMIUTHWS  AN»  lEmTS       tPEBIFHATIIH  MB  BEMNS 

Conplato  CoMtrMtiM,  Equipnart,  8up«rvlslM  aid 

MsMfwiiMrt  tf 

Electric  Railway,  Liglit  and  Power  Plants 
Hydro-Eiectric  Developments 

52  William  Street,  New  York 

CABLE  address:  "SANDPORT" 


ELECTRICAL  WORLD 


The    oldest    and   foremost   eleotrical    paper. 
Prints  the  most  reading  pages. 

Has  the  most  readers. 
Prints  the  greatest  nnmher  of  advertisements. 

The  best  advertising  medium. 

The  Only    Electrical   Weekly 
Paper  that  Tells  Its  Circulation 

Subscription  (8.00  per  annum.    Advertising  rates  on  request . 

McGraw   Publishing   Company 

114  Liberty  Street       New  York 

Write  for  Book  Catalogue 
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INDIA   RUBBER   AND    GUTTA 
PERCHA   INSULATING    CO. 

Authorised  Manufacturers  of 

HABIKSHAW 
WIRES  and  CABL£,S 

Ked  Core      White  Core      Black  Core 

POR  ALL  aERVICES  HIGH  AND  LOW  PR^aaURE 


Main  Office  and  Works:  Yonkera,  N.  Y. 

Saloa  Off  ico:  No.  IS  CoHlaadt  St.*  Now  York  City 
W.  M.  HABIRaHAW,  G«n«ral  Manager 


Read 

"ELECTRICITY" 

The  only  ONE  DOLLAR  a  year  E.LE.C- 
TRICAL  WEELKLY  in  the  world 


sample:  copy  prce 


E#lectricity  Nfewapaper  Co. 

136  Liberty  Street 

NEW  YORK 
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The  Dodge  Conveyor 

For  Handllax  Coal,  Ashes,  Etc. 

Hu  DO  QTerlapploff  od^cB^  nor  Up  extea- 
Blona.  lDite«d  of  tbete  derlcss,  imaller 
buckets  on  secured  rlgldJy  between  the 
ncm-overlaHifag  gr&Tlly  buckela  lUtd, 
extending:  n^eneatn  the  gape  whlcb  aep- 


'eri  its  mhiin  Into  Uie 

ttollowlag. 

kal,  Darabia,  Cleaalr. 

KHEUNgcoiipm 


SUBSCBIBE 

TO  THE 

Western  Electrician 

SUBSCBIBE     1 

Electrical  men  prefer  to  read  the  Western 
Electrician  because  it  publishes  the  news 
while  it  is  news. 

Advertisers  patronize  the  Western  Elec- 
trician  because  it  gives   them   a   service 
which    they    cannot    obtain   through   any 
other  publication. 

CHICAGO                                            NEW  YORK 
510  Marquette  Bidg                                150  Nassau  Street 

ADYERTISE 

IN  THE 

Western  Electrician 

ADVEBTISE     1 

The  SPRAfiUE  ELECTRIC  CO. 


MANUFACTURES 


FOUR  TYPES 


OF 


CONDUIT 

AND  A  FULL  LINE  OF 

FLEXIBLE  STEEL 
ARMORED  CONDUCTORS 

OUTLET  BOXES  and  FITTINGS 

THAT  FULFILL  EVERY  REQUIREMENT  OF 

ELECTRIC  WIRING  CONDITIONS 


SEND  FOR  PRICES 


General    Offices 

527-331    WEST    34th   STREET 

NEW   YORK 

Interior         Underground         Marine 
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EFFICIENCY 


This  is  the  first  consideration  in  the  design  of 

Garton   Lightning  Arresters 

In  every  detail  this  feature  has  had  our  careful  study — 
air-gaps,  resistance  materials,  insulation,  cut-out,  etc. 
The  result— an  increased  sale  every  year  since  the 
founding  of  this  business  in  1892.  * 

Made  for  all  classes  of  Electric  Railway,  Light  and 
Power  service. 


Garton-Daniels  Company, 

KEOKUK,    IOWA 


^ 


The  History  of 
Erlectric  Lighting 

from  the  first  experimental  tteps  in  the  early  days  to 
the  mccomplishmeDtB  of  the  present  time,  is  reflected 
in  all  its  developments  in  the  files  of  the 

Electrical  Revieiv 

The  Oldest  Ulectrical  Weekly 

Beyond  all  other  technical  loumals.  it  is  essential  to 
the  man  who  would  he  well  informed  on  electric  light- 
ing and  power.  Buhscription  price  |8.00  per  annum; 
foreign  subscription  $5.00. 

ELECTRICAL  REVIEW  J^w'^okS 

CHICISO  BOSTON  LONDON 

15f  1  FldMr  Bldg.  1«1  Deveuhlr*  St.  4fl  Old  Broad  St. 
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J.  G.  WHITE  &  COMPANY, 

iNCeNPONATCO. 

ENGINEERS.  CONTRACTORS, 

43-49    EXCHANQC   PLACE,  NEW  YORK,  N.  Y. 

cNoiNccniNa  depantmcnt: 

Reports  made  on  Electric  Railways,  Blectric  Light  and  Power 
Properties,  Steam  Railways,  etc.,  etc.,  for  Trust  Companies. 
Bankers  and  Investors.  Separate  Mechanical,  Electrical,  Civil 
and  Hydraulic  Engineering  Departments.  Acts  as  Consulting 
or  Supervising  Engineers  for  work  embraced  in  any  of  Its  de- 
partments. 

CONSTRUCTION    OKPARTMCNT: 

Electric  Railways,  Electric  Light  and  Power  Plants,  Steam 
Railroads,  Water  Works,  Qas  Works,  etc.^  etc.,  built  on  basis  of 
either  fixed  amount  or  actual  cost  and  supervising  fee. 

opcuATiNO  dkpahtmcnt: 

Electric  Railways,  Electric  Light  and  Power  Plants,  Gas  Works, 
Water  Works,  etc.,  operated. 

riNANCc  dcpahtment: 

Assistance  ariven  In  financing  meritorious  enterprises  for  Public 
Service  Utilities,  Transportation  or  Industrial  Purposes. 

LONDON   CORRESPONDENTS, 

J.  G.  WHITE  &  COMPANY,  LTD., 

2aA    COLLCOC    MILL.    LONDON,    C.   C. 
CANADIAN  CORRESPONDENTS, 

THE  CANADIAN  WHITE  COMPANY,  LTD. 

SOVKRCION   BANK   SUILOINa.   MONTRCAL.   CANADA. 

PRINCIPAL    PHILIPPINE    OFFICE,  MANILA,   P.    I. 


CENTRAL   STATION   LIST 

and    BUYERS'   MANUAL 

IS  THE 

Most    Reliable    Directory 

or  TBE 

Electric  Lighting  Industry 

It  contains  complete  aod  accurate  reports,  rerised  semi-animally. 
from  the  central  station  companies  and  municipal  lighting  plants  of 
North  America.  Includes  the  exact  title  of  each  company ;  ofBce  ad- 
drees  ;  names,  addressee  and  positions  of  officers ;  nature  of  steam  and 
Reneratin?  plant,  ^th  capacity,  and  name  of  manufacturer;  volt- 
a^  of  system ;  number  and  style  of  motors,  arc  lamps,  incandescent 
liunps,  etc.;  day  circuits ;  capitalization ;  nature  of  city  contract,  and 
price  of  lights ;  and  other  tecnoical  and  financial  data. 

Pobllah^d  S«inl-annuall7»  March  and  September 

Subscription  Pricet  $4.00  per  Year 

NO  aiNGLE  copies   SOLD 

Address  all  orders  to 

CENTRAL  STATION  LIST 

114  Liberty  Street.  NEW  YORK 
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WESTON 

Electrical  Measuring  Instruments 


Hi*  coatlnued  dvvdapiiMiit 
mat  Inprovement  In  the  well* 
known  Weston  lnstrum«ntB 
hta  reanlted  In  the  present 
practlcelly   perfect    models.  < 


WESTON   STANDARD   PORTABLE  VOLTMETERS  AND 
AMMETERS    are    the    best    instruments    available    for    use    in 

WESTON    LABORATORY 
STANDARD    INSTRUMENTS 


r   the   I 


rate  obtainable.      Tbey  are  recog- 

Ihroughoui  the  world. 

LOW  PRICED  PORTABLE 
INSTRUMENTS  are  sold  by  Ih. 
Wtslon    Com  pi 


Even  in  these  Ion  priced  ir 
ments  the  usual  perfection  of  work' 
manship  peculiar  to  Weston  prod- 
ucts is  exhibited. 

WESTON  SWITCHBOARD  INSTRUMENTS  of  the  follow- 
ing types:  ILLUMINATED  DIAL,  ROUND  PATTERN. 
EDGEWISE.  DUPLEX,  in  large  variety  of  sizes  and  ranges  are 
the  best  made  mechanically,  as  well  as  electrically.  They  are 
unsurpassed  in  points  of  low  consumption  of  energy  and  indicate 


CatelacBM  flvlBS  full  detcrlplloa  of  all  l;p«  sf  InMrumenIa 
will  ba  nwdled  pronpUj'  apon  ■ppllcalioa  to 

Weston  Electrical  Instrument  Co. 


Waverly  Park,  NEWARK.  N.  J.,  U.  S.  A. 

MEW   YORK   OFFICE,    74   CORTLANDT   STREET 


CIRCULAR  LOOM 
and  ELECTRODUCT 

The  PIONEER   and  IDEAL    CONDUITS 
FOR       INTERIOR      WIRING 


Approved  by  all  Boards  of  Fire  Underwriters  in  the 
United  States.  Endorsed  and  used  by  Architects, 
Electrical  Engineers  and   Contractors      ::      ::  :: 


American    Circular 
Loom  Company 

■  — 

CHELSEA,  MASSACHUSETTS 

New   York:  R.  B,  Corey,  26  Cortlandt  Street 

Chicago:  Thos,  G,  Grier,  128  W.  Jackson  Blvd. 

San  Francisco:  J,  R.  Cole  Co,,  660  Mission  Street 
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THE  BiBCOCK  &  WIICOI  COMPINT 

85  Liberty  Street        New  York 


Water  Tube   Boilers 
Steam  Superheaters 

Dt»Tre.cou). 

OUR  mo 

BRANCH    OFFICES 

C*NBUH.DlSn                   *         ll»;*BMil  BTILDDCO 

""iSHB  ......  .v™. 

MEXIOOCHT 
K     "STEAM"     MAILED    FAM 

The  Emerson  Electric  Mfg.  Co. 

Reliable 

Direct-Current 

Motors 


1-20   to    2  1-2  H.  P. 


Induction  Motors 


Prompt  Shipments 


The  Emerson  Electric  Mfg.  Co. 

St.  Louis,  Mo. 
n  Ome.  .Dd  W.nkHu..  13.  UbOTtr  St..  Nn*  VmK  Otj. 


Southwark  Foundry  and  Machine  Co., 


Sole  Licensee  In  Ibe  United  States  for  the  Manufacture  of  the  Walks  C«uRt«r« 
Current   Cond«n««r,    Peculiarly    Suited  for  Slaam   Turl>la«s    ei 
Staam    Engin**    K,«qulrlng    High    Vkcuum. 
Also    Builders   of   Corllsa  and    Port*r>AIIan    9t«aTn    Knglnca. 


HERBERT    S.    POTTER 

Electrical  Engineering 
and    Contracting 

24  COMMERCE  ST.,  BOSTON,  MASS. 


i|2)|» 


Edison  Light  work  a  specialty 
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The  Phoenix  Glass  Co. 

Manufacturers  of 

Inner  and  Outer  Globes 

For  all  Lighting  Systems  possessing 
*•  PHOENIX  QUALITY  •' 


Electric  and  Gas  Globes, 

Shades,  etc. 

in  Etched,  Rich  Cut  and  Decorated 


Glassware 


for  all  lighting  systems,  our  specialty 

Combining  quality,   excellence  and   in 

thorough  harmony  with  prevailing 

designs  of  lighting  fixtures 


CATAUXiUB5    UPON    REQUEST 


The  Phoenix  Glass  Co 

NEW  YORK  PITTSBURG  CHICAOO 
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Wagner  Electric  Mfg.  Co. 


EVERV  CENTRAL  STATION  MANAGER 
AND  CONSULTING  ENGINEER 

Should  have  a  set  of  our  bulletins  and 
should  be  on  our  mailing  list.  We  will 
send  our  bulletins  to  you  if  you  will 
advise  us. 


SINGLE  AND  POLYPHASE  MOTORS 

TRANSFORMERS 

DIRECT-CIRRENT  MOTORS 

SWITCHBOARD  INSTRUMENTS 

PORTABLE  INSTRUMENTS 


Main  Office  and  Factory 
ST.  LOUIS,  MO. 

Offices  in  all  of  the  principal  cities  of  the 

United  SUtes. 
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HOOVEN,  OWENS, 
RENTSCHLER  CO. 

Hamilton,         Ohio 

BUILDERS  OF 

Hamilton  -  Corliss   Engines 

FOR   SLOW  SPEEDS 

Hamilton  aigh  speed  Corliss 

FOR   MEDIUM   SPEEDS 

Hamilton -Holzwarth   Tur- 
bines  FOR  HIGH  SPEEDS 


OFFICES 

CHICAGO 

Marquette  Building 

SAN   FRANCISCO 

Chas.  C.  Moore  &  Co. 

NEW  YORK 

39  and  41  Cortlandt  Street 

ST.  LOUIS 

1316  Chemical  Building 

CHARLOTTE,  N.  C. 

ATLANTA 

403  Equitable  Building 

PITTSBURG 

Empire  Building 
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Westinghouse 

Portable  Lamp  Testing  Volt- Wattmeter 

Needed  by  Every  CeDtral  5Utioo 


ehange  of  ^tUlMUon^^BeTflrw  nadlngs 

nttliw  m _    ,._ 

iltmeter.   Two  coacsntrle 


CeiMctty  ISO  VolU,  ISO  WatU 

Westinghouse  Electric  &  Mfg.  Co. 


AMr«H  NcerMt  Dlttrkt  OMm 

BaKtom.  BortoB.  Baftole^ ChlMio^CtaclaotljCl»v«l»D<, 


Mules,  a.  A  II.  BraiWll*  l 


The 
Westinghouse   Machine  Co. 

Designer*  and  Builder*  of 

Steam   Engines,    Gas   Engines 

Steam    Turbines 

Roney   Mechanical   Stokers 


IB  Steam  Turblup  OeaerHtlog  Unit 
Under  offlcioJ    (eat   WeatlnshouHe-ParBous   Bleam   Turbloea    tUTe 
BhoirntberemarkableoveHoadp»pBcityoI  108 per  cent  above normttl 


WeetiDghouBe  Horizontal  Double-ActlQK  Gas  Engine 
WeBtlnehouM  Double-Acting  Gag  En^nea  am  parti oularly  adapt- 
able to  the  dHrlng  of  elBi.-tric  geoeialon.  either  direct  or  atter- 
nallng  currant. 

Par  iBtornatloa  AddreM  Neareat  Salai  Oflke: 
V  Vark.  ID  BrMM  St.                                  Cbtcara,  171  La  Sail*  51. 
—    ----tateit.  —— ■ ■ " '■- 


Cfaarlott*.  N.  C,  Boulb  TrjoB  Si 
Ban  PraBcl»:a.  Mant,  Mirk  ACo..  < 


ClBClBnall,  Mil  Tradton  Bld«. 
Pblladalpfata.  StepbeBairard  5M|. 


Stone  &  Webster 

84  State  Strtet,  Boston 


GENERAL  MANAGERS  OF 

The  Lowell  Electric  Light  Corporation 

The  Seattle  Electric  Co. 

Puget  Sound  Electric  Railway 

Cape  Breton  Electric  Co.,  Ltd. 

Jacksonville  Electric  Co. 

The  Minneapolis  General  Electric  Co. 

Edison  Electric  Illuminating  Co.  of  Brockton 

Houghton  County  Electric  Light  Co. 

Brockton  and  Plymouth  Street  Railway  Co. 

The  Houghton  County  Street  Railway  Co. 

Whatcom  County  Railway  and  Light  Co. 

Savannah  Electric  Co. 

The  Blue  Hill  Street  Railway  Co. 

Fort  Hill  Chemical  Co. 

Tampa  Electric  Co. 

Terre  Haute  Traction  and  Light  Co. 

General  Electro-Chemical  Co. 

Houston  Electric  Co. 

Fall  River  Gas  Works  Co. 

Galveston  Electric  Co. 

Northern  Texas  Traction  Co. 

Properties  of 

Columbus  Electric  Co. 
El  Paso  Electric  Co. 
Dallas  Electric  Corporation 
Ponce  Electric  Co 
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